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Abstract:  Pharmaceuticals  are  contaminating  the  environment  from  sources  like  landfills,  hospitals,  irrigation  with  
treated  wastewater,  septic  systems  and  urban  areas.  This  literature  review  provides  an  insight  into  the  situation  of  
how  and  where  pharmaceuticals  are  contaminating  groundwater  around   the  world.  Many   important   factors     have  
been  stated  to  control  the  occurrence  and  fate  of  pharmaceuticals  in  groundwater.     The  geological  setting  and  the  
conditions  of  the  receiving  environment  are  affecting  how  the  transport  through  the  material  is  occurring.  Further-­
more   the   chemical   and  physical   properties  of   the  pharmaceuticals   themselves   control   how   they   interact  with   the  
surrounding  material  and  therefore  also  the  concentrations  ending  up  in  groundwater.  The  concentrations  levels  are  
generally  in  the  ng/L  range  but  concentrations  up  to    4000  μg/L  have  been  reported.  The  pharmaceutical  classes  that  
represent   the   largest   group   of   most   frequently   found   pharmaceuticals   are   antibiotics   and   NSAIDs   (painkillers).  
There  appears  to  be  a  correlation  between  consumption  rates  of    these  classes  and  detection  frequency  in  the  inves-­
tigations.  The  most   frequently   found   individual   pharmaceutical   is   carbamazepine   and   this   is   probably  due   to   the  
persistency  in  the  environment  of  this  compound.  However  these  correlations  can  also  be  due  to  how  the  research-­
ers  chose  their  selection  of  pharmaceuticals  in  their  investigations,  some  have  based  the  selection  on  consumption  
rates  and  others  on  known  persistency  of  the  compounds.   
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hanna.hertzman@gmail.com   
Sammanfattning:  Läkemedel  förorenar  miljön  från  källor  såsom  deponier,  sjukhus,  bevattning  med  renat  avlopps-­
vatten,  septiksystem  och  urbana  miljöer.  Genom  den  här  litteraturstudien  ges  en  bild  av  hur  och  var  läkemedel  kon-­
taminerar  grundvatten  runtom  i  världen.  Det  är  många  viktiga  faktorer  som  har  angivits  som  viktiga  gällande  före-­
komsten  av  läkemedel  i  grundvatten.  Den  geologiska  förutsättningarna  där  utsläppet  sker,  och  dess  förutsättningar  
påverkar  hur  tranporten  av  föroreningar  kommer  att  ske.  Vidare  påverkar  också  de  kemiska  och  fysiska  egenskaper-­
na  hos  läkemedlet  i  sig  hur  det  reagerar  med  den  omgivande  miljön  och  därigenom  också  vilka  koncentrationer  som  
når  grundvattnet.  Koncentrationsnivårena  har  generellt  sett  varit  inom  ng/L  intervallet  men  koncentrationer  upp  till  
4000  μg/L   har   rapporterats.  De   läkemedelsklasser   som   representerar   den   största   gruppen   av   funna   läkemedel   är  
antibiotika  och  icke  sterioida  anti-inflamatoriska  läkemedel.  Det  verkar  som  om  det  finns  ett  samband  mellan  kon-­
sumtionsnivåer  av  dessa   läkemedel  och  detektionsfrekvensen   i  artiklarna.  Det   individuella   läkemedlet   som  hittats  
mest  frekvent  är  karbamazepine,  vilket  troligen  beror  på  dess  beständighet  i  miljön.  Emellertid  kan  dessa  relationer  
också  spegla  hur  forskarna  har  valt  att  utforma  sina  studier,  då  några  har  valt  att  fokusera  på  läkemedel  med  höga  
konsumptionsnivåer  medan  andra  har  valt  beständigheten  hos  läkemedel  som  utgångspunkt.   
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1 Introduction   
Pharmaceuticals  have  become  a  very   important   factor  
in  today’s  society  for  treating  and  preventing  diseases  
in   both   animals   and   humans   (Boxall,   2004b).  World-­
wide,   the   consumption   and   dispense   of   pharmaceuti-­
cals  exceeds  hundreds  of  tons  every  year.  The  complex  
and  diverse  chemical  structures  of  the  pharmaceuticals  
have  raised  a  great  concern  over  the  last  years  and  they  
are  considered  as  “new”  emerging  contaminants  in  the  
environment  (Petrovic  et  al.  2013).  Once  pharmaceuti-­
cals  enter  the  environment,  i.e  from  the  pharmaceutical  
industry,   waste   or   from   feces   from   human   or   animal  
they  can  be  transported  with  and  distributed  by  water,  
air  or  soil  (see  figure  1).  The  distribution  is  effected  by  
the  chemical  structures  of  the  pharmaceutical  itself  but  
also   the   characteristics   of   the   receiving   environment  
(Boxall   2004b).   When   a   pharmaceutical   leave   the  
body   through   feces,   they   can   enter   the   environment  
through   a   range   of   pathways,   including   sewage   and  
septic   systems,   discharge   from   wastewater   treatment  
plants   (WWTP),   seepage   from   landfills    (Fram   and  
Belitz  2011)  and  runoff  from  animal  livestock  (Carrara  
et  al.  2008).   
 The  difference  between  pharmaceuticals  and  many  
other  chemicals  that  are  released  into  the  environment  
is   that   pharmaceuticals   have   a   design   to   interact  with  
physiological  functions  in  animals  or  human  (Petrovic  
et   al.   2013)   or   to   be   toxic   to   infectiousn   organisms.  
The   reason   that   pharmaceuticals   are   hazardous   in   the  
environment   is   that   due   to   this   design   they  may   also  
affects   other   organisms   in   the   environment   and   some  
of   these   organisms   can   play   a   crucial   role   in   the  
function  of  ecosystems.  Furthermore  the  current  know-­
ledge   about   the   toxicity   of   mixtures   and   long-time  
exposure   of   low-concentrations   is   scarce   (Boxall  
2004b).   
 Only  a  very  small  percentage  of  all  water  on  Earth  
is   fresh  water,   approximately  2,5  %  and  out  of   that  a  
significant   part   is   trapped   in   glaciers   and   ice   caps  
(USGS,   2014).  The   largest   reservoir   of   freshwater   in  
the   world   comprises   of   groundwater .   Since   ground-­
water   is   an   important   part   of   the   hydrological   cycle,  
the   deterioration   of   its   quality   could   therefore   affect  
other   aquatic   and   terrestrial   ecosystems.   The   ground-­
water  systems  have  generally  slow  movement  and  the-­
refore  anthropogenic  activities  and  pollutions  can  thre-­
aten   groundwater   quality   for   decades   or   even   longer  
(European   Commission,   2015).   In   addition   to   this  
USGS   (2015d)   describes  water   as   the   “universal   sol-­
vent”   because   no   other   liquid   can   dissolve   as   many  
substances  as  water.  Water  can  therefore  transport  and  
take   along   a   wide   range   of   chemicals,   minerals   and  
nutrients   as   it   moves   on   the   earth’s   surface,   through  
the  ground  or  in  our  bodies.  The  water  molecules  have  
a   polar   structure,   which   allows   them   to   attract   many  
other  polar  molecules.  Groundwater  can  be  contamina-­
ted   through  a   range  of  different   anthropogenic   activi-­
ties,   e.g.   septic   tanks,   landfills,   industries   and  
wastewaters.   (The   Groundwater   Foundation,   2014).  
 This   thesis   focuses  on  pharmaceutical  pollution  of  
groundwater.   The   discovery   of   pharmaceutical   pro-­
ducts   spreading   within   the   environment   is   relatively  
recent   and   the   impact   on   the   environment   has   been  
reflected   in   the   literature   since   the  1990’s   (Mompleat  
and  Le  Bot,  2009).   
 
2 Background 
2.1 Theory 
2.1.1 History  of  pharmaceuticals 
Substances  from  plants  have  been  used  as  medicine  for  
thousands  of  years.  Morphine  for  example  can  be  ex-­
tracted  from  Papaver  somniferum  which  was  described  
already   3200-2000   BC.   The   history   of   modern   phar-­
macology   started   during   the   18th   century   when   the  
active  substance  of  Digitalis  purpurea  was  discovered,  
even   though   it   had   been   used   as  medicine   for   a   long  
time   (Nationalencyklopedin   2015a).      Salicylic   acid  
derives   from   the  bark   and   root   of  Salix   and  has  been  
used  as  medicine  since  600  AC.  During  the  19th  cen-­
tury   Felix  Hoffman   learned   how   to   isolate   the   active  
substance   from   the   root  and  could  develop  acetylsali-­
cylic  acid,  which  is  still  used  as  medication  today.  The  
development   of   today’s   non-steroidal   anti-
inflammatory  drugs  derives  from  the  knowledge  about  
acetylsalicylic  acid  (FASS  2015a).   
 An   important   aspect   in   the   development   of   phar-­
maceuticals  was  the  discovery  of  antibiotics  or  penicil-­
lin  by  Alexander  Fleming  in  1928.  Howard  Florey  and  
Ernest  Chain  were  during   the  1940  able   to  develop   a  
purification  of  penicillin,  which  led  to  a  mass  product-­
ion,   and   distribution   of   this   pharmaceutical   (Aminov,  
2010).  A  more  systematic  development  of  pharmaceu-­
ticals  started  during  the  1950s  and  1960s.  Before  1950,  
few   pharmaceuticals   were   tested   by   clinical   experi-­
ments,   but   the   legislation   changed   and   stricter   rules  
were   introduced   after   the   thalidomide   catastrophe  
1963.1     A  vast  number  of   scientific   findings  have   led  
to  more   than  25,000   approved  pharmaceuticals   in   the  
major  markets  of  medicine  in  the  world  (United  States,  
United   Kingdom,   Canada,   Europe   and   Japan)  
Figure  1:  Pathways  of  pharmaceuticals  entering  the  envi-­
ronment.  (Picture  made  by  Leonie  Urff,  2015) 
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(Petrovic  et  al.  2013). 
 The   consumption  of  pharmaceuticals   is   increasing  
due   to   population   growth   and   the   discovery   of   new  
drugs  (Daughton,  2003).  Pharmaceuticals  are  a  diverse  
group   of   thousands   of   chemical   substances   that   are  
over-the-counter   therapeutic   drugs,   prescription   drugs  
or  veterinary  drugs   (EPA,  2014a).  Most  pharmaceuti-­
cals   are   bioactive   substances,   which   means   that   they  
have  an  effect  on  living  tissue  (EPA,  2014  b).  Because  
they   have   a   therapeutic   task   in   the   living   tissue   they  
are   designed   to   persist   long   enough   for   reaching   the  
targeted   effect   and   they   may   also   persist   long   time  
within   the   environment   (Seiler   et   al.   1999).  Many   of  
these  products  are  not  totally  eliminated  in  the  human  
body   and   leave   through   urine   and   faces   unchanged  
and/or  only  slightly  transformed  (Heberer,  2001).  The  
reported   concentrations   of   pharmaceuticals   in   the  
aquatic   environments   are   generally   low   (less   then   1  
μg/L  in  surface  water)  but  the  knowledge  of  long-term,  
low-level   exposure   to   pharmaceuticals   is   still   scarce  
(Khetan   and   Collins,   2007).   Researchers   have   to   the  
present   day   been   able   to   see   linkages   between   these  
low-levels  and  long-term  exposure  of  pharmaceuticals  
to  effects  on,   for  example   inhibition  or  stimulation  of  
growth   of   some   algae   and   aquatic   plants   but   also   the  
development   of   resistance   to   antibiotics   in   soil   mi-­
crobes  (Boxall  2004b). 
 The   classification   of   pharmaceuticals   is   generally  
based  on  their  chemical  group,  their  therapeutic  use  or  
their   pharmacological   effect   (Encyclopaedia  Britanni-­
ca,   2015a).  Here  below   is   a   short   introduction   to  dif-­
ferent  pharmaceutical  classes   that   is  known   to  be   im-­
portant  to  the  aspects  of  this  thesis.   
x Antibiotics  -  Antibiotics  are  used  to  treat  bacte-­
rial   infections  and   is   the  class   that   is  most   fre-­
quently  used  (Drugs,  2015a). 
x Antibacterial  -  For  treatment  of  bacteria. 
x β  –  blockers  –  blocking   receptors   in  brain   and  
arteries   and   reduces   the   action   of   adrenaline  
and  noradrenaline.   
x NSAID   –   non-steroidal   anti-inflammatory  
drugs. 
x Anticonvulsant  –  Medication  used  to  stop  series  
of  seizures  or  to  prevent  them.  Epilepsy  is  treat-­
ed  with  these  kinds  of  medication. 
x Antifungal   –   for   treatment  of   fungal   infections  
(Simonsen  and  Hasselström,  2012). 
x Antidepressant   –   for   treatment   of   depression  
and   improvement   of   the   symptoms   (Drugs,  
2015b). 
x Analgesic  –  To  reveal  pain  (Simonsen  and  Has-­
selström,  2012). 
x Cholesterol  reducers   
x Antihistamin   –   Used   for   treatment   of   allergy,  
but  it  can  also  be  used  for  motion  sickness,  nau-­
sea   and   as   hypnotic   (as   sleeping   pills)  
(Simonsen  and  Hasselström,  2012). 
 
 
2.1.2 Hydrogeology  -  a  short  description  of  rele-­
vant  processes 
The   hydrologic   cycle   describes   the   movement   of   all  
water  on  earth   (see   figure  2).  This   includes  processes  
above,  on  and  below  the  surface.  Solar  radiation  is  the  
constant  source  of  energy   that  drives   the  hydrological  
cycle   (USGS   2015c)   and   the   water   evaporates   from  
the   oceans   creating   clouds.   Precipitation   falls   down  
reaching   the   surface   and   enters   several   different   pat-­
hways,   as   surface   runoff   or   infiltration   through   the  
subsurface.  In  this  thesis,  the  focus  is  the  processes  to  
and  within   the   subsurface.  The   precipitation   that   per-­
colates   downwards   passes   the   unsaturated   zone  
(vadose   zone).   This   is   the   zone   where   the   pores   are  
filled   with   both   air   and   water.   The   water   moves   by  
gravity   and   the   flow   is   mostly   downwards   (Fetter,  
2001).    In  this  zone,  processes  occur  that  control  whet-­
her,   where   and   how   fast   different   contaminants   can  
enter   the   groundwater.      Beneath   the   vadose   zone,  
where   all   pores   are   filled  with  water,   is   the   saturated  
zone   and   the   border   between   these   two   zones   is   the  
groundwater   table.  The  water   in   the   saturated   zone   is  
called   groundwater.   It   flows   through   the   subsurface  
and  eventually  discharges  into  surface  water  bodies  or  
the   ocean   (Fetter,   2001).   The   interaction   between  
groundwater  and  streams  can  happen  in  three  different  
ways.  Firstly  there  can  be  an  inflow  of  water  from  the  
groundwater  to  the  stream  (gaining  stream).  The  oppo-­
site  can  also  happen,  where  the  stream  is  losing  water  
to   the   groundwater   system   (losing   stream)   (figure   3).  
Both   processes   can   occur   in   the   same   stream,   either  
seasonally   controlled   or   in   different   parts   of   the  
stream.  Almost  the  same  interactions  between  ground-­
water   and   lakes   take   place,   they   can   receive   ground-­
water   from   the   bed,   or   lose   water   from   the   bed   but  
most   lakes   have   one   part   of   the   bed   receiving   and  
another   part   losing   water   to   the   groundwater   (USGS  
2015c).   This   is   important   to   point   out   for   this   thesis  
because   many   wastewater   treatment   plants   discharge  
their   effluents   to   some   kind   of   surface   water   and   the  
contaminations  can  therefore  reach  the  groundwater. 
Figure  2:  Hydrological  cycle  with  permission  to  use  this  
picture  from  SGU  2015.  1:  Evaporation,  2:  Condensation,  
3:  Transpiration  and  evaporation,  4:  precipitation,  5:  
Groundwater  recharge/Infiltration,  6:  water  table,  7:  
Spring. 
9 
 
2.1.3 Properties  of  aquifers  and  their  materials 
The  movement  of  water  through  a  material  is  control-­
led  by  the  porosity  of  the  geological  material,  as  sedi-­
ments  that  are  deposited  by  wind,  water,  ice  or  gravity  
consist  of  individual  grains  of  different  sizes.  Between  
these  grains  there  are  pore  spaces,  and  this  is  called  the  
porosity  of  the  material.  The  porosity  is  defined  as  the  
percentage  of  the  rock  or  soils  that  is  void.  In  sedimen-­
tary   rocks   there   can   be   water   movement   both   in   the  
pores   and   in   fractures.   The   pores   between   grains   is  
called   the   primary   porosity   and   the   fractures   the   se-­
condary   porosity.   In   igneous   and   metamorphic   rock  
the  movement  of  water  can  just  occur  in  fractures.  The  
porosity,   fractures,  voids  and  pore  spaces  of   the  earth  
material  are  of  great  importance  in  hydrogeology  since  
this  is  where  water  movement  occurs  (Fetter,  2001).   
The  way   that   the   pores   or   the   grains   are   related   in   a  
soil   or   sediment   in   terms   of   packing,   grain   size   and  
sorting   (grains  of   the   same  size,  or  a  mix  of  different  
sizes)  and  the  sizes  of  the  fractures  in  bedrock  controls  
the   velocity   of   the   water   movement   through   the  
material  (Fetter,  2001).  This  is  called  a  material’s  hyd-­
raulic  conductivity  and  is  defined  as;;  “a  coefficient  of  
proportionality  describing   the  rate  at  which  water  can  
move   through   a   permeable   medium.   Hydraulic   con-­
ductivity   is   a   function  of  both   the   intrinsic  permeabi-­
lity  of  the  porous  medium  and  the  kinematic  viscosity  
of  the  water  which  flows  through  it”  (EPA,  2015b). 
 
2.1.4 Mass  transport  of  contaminants 
The   transport  of   contaminants   in  groundwater   is   con-­
trolled  by  two  basic  processes.  The  first  one,  diffusion,  
is  where  contaminants  diffuse   in  water  when   the  mo-­
lecules   or   ions   move   from   areas   in   the   solvent   (the  
water)  with  higher  concentrations   to   lower.  The  other  
process  is  called  advection  and  that  is  the  process  that  
explains  the  movement  of  water  carrying  the  dissolved  
contaminant.  When  a  contaminant   is  carried  by  water  
through   a   porous   media   a   mechanical   and   chemical  
mixture   occurs,   and   this   is   called   dispersion   (Fetter,  
2001).   
 A  solute  in  the  water  can  act  in  two  different  ways,  
they   are   either   conservative   and  do  not   react   biologi-­
cally  or  chemically  with  the  surrounding  soil.  The  con-­
servative   contaminants   are   transported   and   spread   by  
advection  or  dispersion.      In  contrast,   they  can  also  be  
reactive  contaminants  and  this  means  that  the  concent-­
ration  of  the  contaminant  changes  because  of  chemical  
or  biological   reactions  within   the  subsurface  material.  
This   could   occur   through   sorption   to   the   geological  
media,  biological   reactions  or   redox   reactions   (Fetter,  
2001).    Crini  and  Badot  (2010)  describe  sorption  as  the  
accumulation   of   a  molecule   from   a   solution   to   a   sur-­
face  of  a  sorbent.  Furthermore,  the  control  of  sorption  
depends  on  different  factors  such  as;;  the  nature  of  the  
solid  material  (physical  structure  and  chemical  modifi-­
cations),  the  time  that  the  solvent  is  in  contact  with  the  
solid  material,  as  well  as  the  chemistry  and  concentrat-­
ion   of   the   solvent.   The   chemical   properties   of   the  
water   and   the   chemical   structure   of   the   solvent   itself  
are   of   importance   such   as   polarity   and   functional  
groups   in   the   molecule.   Sorption   is   the   general   term  
that   includes  different  processes   for  example  adsorpt-­
ion,   absorption   and   biosorption   (EPA,   2015c).   Ad-­
sorption   is   the   process   where   a   solid   phase   adsorbs  
another   substance   (gas   or   liquid)   to   their   surface  
(Nationalencyklopedin,   2015b)   whereas   absorption   is  
when  an  atom,  molecule  or  ion  penetrates  into  the  bulk  
mass  of  a  solid  substance  (EPA,  2015d). 
 
2.1.5 Different  types  of  aquifers 
There  are  different  kinds  of  aquifers   that  act   in  diffe-­
rent  ways.  An  aquifer  has  a  water   table;;   this   is  where  
the   water   pressure   is   equal   to   atmospheric   pressure,  
and  beneath  this  pressure  line,  the  voids  are  filled  with  
water,   i.e.  groundwater.  An  aquifer,  defined  as  geolo-­
gical  material  which   contains water and   releases   it   in  
appreciable   amounts   (Encyclopaedia   Britannica,  
2015).  There   are   two   types,   unconfined   and   confined  
aquifers  (see  figure  4).  What  differs  between  them  are  
that   an   unconfined   aquifer   has   a   direct   connection  
between  the  water  table  and  the  atmosphere  through  a  
permeable   material.      A   confined   aquifer   is   always  
located  under  a  confined   layer   that   is   impermeable  or  
transmits  a  very  small  amount  of  water  (Encyclopaedia  
Figure  3:  top:  losing  stream,  bottom:  gaining  stream 
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Britannica,   2015)   and   where   the   pressure   is   always  
larger  than  atmospheric  pressure  (Fetter,  2001).    Hyd-­
raulic   connections   between   these   two   types   are   nor-­
mal,   and   as   previously   described,   aquifers   are   also  
connected  to  surface  waters.   
2.1.6  Water  politics  and  organisations 
On  the  international  level  there  are  organizations  wor-­
king  with  water  issues  and  water  quality,  e.g.  The  Uni-­
ted  Nations  (UN  waters)  and  the  World  Health  Organi-­
zation  (WHO).  In  1996  the  World  Water  Council  was  
formed  for  managing  problems  concerning  water  on  a  
global   level.   Their   mission   is   to   build   political   com-­
mitment  and   to  promote  awareness  on  water   issues  at  
all   levels   for   sustainable   water   for   all   life   on   earth  
(World  Water   Council,   2014).   On   an   European   level  
the   European   Union   (EU)   has   stipulated   a   directive  
(EU,  2000/60/EC)  to  secure  the  quality  and  quantity  of  
water   resources   within   the   member   states.      The   first  
paragraph   of   the   directive   describes   water   not   to   be  
“/…/  a  commercial  product  like  any  other  but,  rather,  a  
heritage  which  must   be   protected,   defended   and   trea-­
ted  as  such”  (EU,  2000/60/EC).    This  directive  and  the  
environmental   quality   standards   directive   (EU,  
2008/105/EC)   do   not   include   any   pharmaceuticals   in  
the  list  of  prioritized  substances  needed  to  be  reduced  
and/or   excluded   within   our   anthropogenic   uses.   Alt-­
hough,   in  April   2011   the  European  Commission   sub-­
mitted   a   proposal   to   change   the   Directives   EU,  
2000/60/EC  and  EU,  2008/105/EC  with   the  objective  
to   include   a   list   of   priority   substances   in   the   field   of  
water   policy   (EC,   COM(2011)876).   In   this   proposal,  
three  pharmaceuticals  were  for   the  first   time  added   in  
the   list   of   prioritized   substances   in   the   field   of   water  
policy,  even  if  it  regards  surface  water  and  not  ground-­
water.  The  pharmaceuticals  included  are  two  hormonal  
substances   (17alphaethinylestradiol   and   17beta-
estradiol)   and   one   analgesic   (diclofenac)   (EC,   COM
(2011)876). 
 The   European   Community   has   another   regulation  
on  chemicals,  REACH  (Registration,  Evaluation,  Aut-­
horization   and   Restriction   of   Chemicals)   which   is   in  
power   since  2007.  The  aim  of  REACH  is   to,  without  
obstructing   development   of   the   chemical   industry   to  
achieve   a   better   protection   of   the   environment   and  
human  health  within  the  EU.  Chemicals  used  are  regis-­
tered   in   a   central   database   (ECHA,  European  Chemi-­
cal  Agency)  and  the  industries  themselves  are  obliged  
to  have  knowledge  about  the  chemicals  they  are  using  
in   their   production,   but   within   REACH   there   are   no  
pharmaceutical   compounds   included   for   regulation  
(Petrovic  et  al.  2013)   
 
3.  Aim  of  the  study 
Several  scholars  have  studied  the  distribution  of  phar-­
maceuticals  in  surface  waters  in  urban  and  rural  envi-­
ronments   around   the   world,   but   yet   the   knowledge  
about  pharmaceuticals   in  groundwater   is  quite   sparse.  
The  aim  of  this  literature  review  is  to  show  the  current  
status  of  the  level  of  research  done  on  the  distribution  
of   pharmaceuticals   in   groundwater.   The   purpose   of  
this   literature   review   is   therefore,   specifically   regar-­
ding  the  groundwater  environment,  to  answer:   
x What  type  of  scientific  findings  has  been  made  
to  the  present  day? 
x   What   kind   of   pharmaceutical   substances   are  
found? 
x At  what  levels  are  the  different  pharmaceutical  
substances  found? 
x Where   in   the   world   have   pharmaceutical   sub-­
stances   been   studied   within   the   groundwater  
environment? 
x Can  any  patterns  in  the  findings  of  pharmaceu-­
tical   substances   be   discovered   in   the   existing  
literature? 
 
4.  Methods 
This   Bachelor’s   thesis   will   be   written   as   a   litterateur  
review   in  where   peer   reviewed   scholarly   articles  will  
form   the  primary   source  material.  Databases  used   for  
sources  are  primarily  Scopus  and  Web  of  Knowledge  
through  Lund  University.  The  keywords  used  are;; 
Figure  4:  top:  Unconfined  aquifer  where  pressure  at  wa-­
ter  table  is  equal  to  atmospheric  pressure.  bottom:  Con-­
fined  aquifer  where  pressure  is  bigger  than  atmospheric  
pressure  together  with  a  connection  to  an  unconfined  
aquifer.   
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x pharmaceuticals  and  groundwater, 
x pharmaceuticals  in  aquatic  environments, 
x pharmaceuticals,  groundwater  and  landfills 
 The  main  method  used  in  this  literature  study,  is  to  
divide   the   included   literature   into   subgroups   of   types  
of   studies   in   order   to   make   a   comparison.   Another  
dividing  line  is  what  the  different  aims  of  the  included  
studies  are.  The  subgroups  are  presented  below. 
x Studies  about  contaminations  around  or  down-
gradient   landfills   or   hospitals   where  
wastewaters  have  been  used  for  irrigation. 
x Studies  in  urban  areas. 
x Studies  without  known  contamination  of  phar-­
maceuticals  in  groundwater. 
x Studies  with   known   contamination   of   pharma-­
ceuticals  in  groundwater. 
 Some  of  the  investigations  involved  hormones  and  
transformations  products,   in  this  thesis  the  decision  is  
made   to  not   include   those  kinds  of   substances  due   to  
the  time  limit  of  a  bachelor  thesis.  Two  substances  are  
included   that   are   not   pharmaceuticals   by   their   own,  
this  is  salicylic  acid  and  clofibric  acid.  Salicylic  acid  is  
an   active   substance   in   some   pharmaceuticals   (FASS,  
2015)  and  therefore  included  in  some  of  the  investigat-­
ions   as   a   pharmaceutical.   Clofibric   acid   is   the   active  
metabolite   of   a   number   of   pharmaceuticals   (e.g.  
clofibrate   etyl,   etofyllinclofibrate   and   etofibrate,   Car-­
rara  et  al.  2008)  and  therefore  included  in  some  of  the  
articles. 
 Two  websites  have  been  used  for  determining  what  
kind   of   pharmaceutical   classes   the   different   pharma-­
ceuticals   belong   to;;   Drugs.com   (2015c)   and   FASS  
(2015b). 
 
5.  Results 
5.1  Pharmaceutical  geography 
Most  of   the   investigations   that  have  been   included   in  
this  thesis  have  been  executed  in  the  developed  part  of  
the  world.  The  term  “developed”  is  a  demarcation  that  
is  not  easily  applied  to  this  issue.  The  problem  concer-­
ning  where  pharmaceuticals  are  found  in  groundwater,  
or   in   the   environment   is   rather   a   question   of   where  
there  is  a  source  of  pollution  e.g.  pharmaceutical  indu-­
stry,   landfill,   urban   areas   or   some   kind   of   other  
anthropogenic  activities  that   is  releasing  pharmaceuti-­
cals  into  the  environment.  The  map  below  (figure  5)  is  
showing   the   sample   sites   of   all   the   investigations   in-­
cluded   in   this   thesis,   additional   maps   (figure   6)   are  
included   due   to   the  many   sampling   points   in   investi-­
gations  by  Barnes  et  al.  (2008)  and  Loos  et  al.  (2010)  
As   described   under   methods   this   thesis   is   limited   to  
investigations   found   on   Scopus   and   Web   of   know-­
ledge.   According   to   personal   correspondence   with  
Lena   Maxe   (SGU)   some   investigations   have   taken  
place  in  Sweden  but  they  have  not  yet  been  presented  
in   scientific   articles.   In   the   introduction   the   major  
pharmaceutical   markets   are   described   as   being   the  
United  States,   the  United  Kingdome,  Canada,  Europe  
and  Japan  (Petrovic  et  al.  2013).  This  could  be  compa-­
red  with   the  map  (figure  5  and  6)  and   the  conclusion  
could  be  made  that  this   
represents  almost  the  same  areas.   
 The  articles  included  in  this  thesis  are  divided  into  
groups   as   described   in   methods.   This   is   done   to   im-­
prove   comparisons   of   investigations.   However,   even  
though   they   are   divided   into   groups,   comparing   the  
findings  is  difficult  as  there  are  many  factors  influen-­
cing  concentrations  found  in  groundwater. 
5.2  What   type   of   scientific   findings   has  
been  made  to  the  present  day? 
5.2.1  Point  sources  and  non  point  sources 
In  this  chapter  the  investigations  have  been  conducted  
in  different  locations  where  a  point  source  has  caused  
the   contamination;;   landfill,  wastewater   from   a   hospi-­
tal,   septic   systems  or  wastewater   effluent   from  waste  
water  treatment  plants.  A  point  source  is  described  by  
USGS   (2015a)   as:   “Water   pollution   coming   from   a  
single  point,  such  as  a  sewage-outflow  pipe”.    World-­
wide,  the  most  common  way  for  the  disposal  of  muni-­
cipal   solid   waste   is   landfilling   (Buszka   et   al.   2009).    
The   solid   waste   may   release   substances   into   the   le-­
achate   that   later   enters   the   recipient   environment   and  
may   be   threatening   the   ecosystems   (Eggen   et   al.  
2010).  Septic   systems  are  also  a  common  way   taking  
care   of   wastewater   in   suburban   or   rural   areas,   and  
plumes  underneath   them  can   extend   tens   to  hundreds  
of  meter  and  contaminating  the  groundwater  and  envi-­
ronment  (Carrara  et  al.  2008).   
 In   contrast   to   point   source   pollution   where   the  
pollution   is   coming   from   one   point,   nonpoint   source  
pollution   is  defined  by  USGS  (2015b)   to  be  a  diffuse  
discharge  of  contaminants  in  the  environment,  and  this  
could   be   due   to   irrigation,   rainfall,   or   snowmelt   that  
brings   contaminants   to   the   recipients.      Investigations  
of  point  sources  included  here  are:   
Figure  4:  Map   showing  where   in   the  world   the   included  
investigations   in   this   thesis  are  done.  The   localization  of  
study   is   roughly  plotted  on   the  map.  Black:  Point   source  
investigations.  Green:  No  suspected  contamination.  Pink:  
Urban   areas.   Orange:   Suspected   contamination.   Map  
modified   from   a   map   free   downloaded   at   http://
www.mapsofworld.com/free-maps/ 
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x Landfills:   Holm   et   al.   (1995),   Peng   et   al.  
(2014)  and  Barnes  et  al.  (2004).   
x Septic   systems/onsite   waste   water   treatment  
systems:  Carrara  et   al.   (2008),  Kouzuskanich  
et  al.  (2014),  Del  Rosario  et  al.  (2014),  Schai-­
der  et  al.  (2014),  Einsiedl  et  al.  (2010). 
x Hospital:  Rozman  et  al.  (2014) 
Two   investigations   are   here   considered   to   be   non-  
point   sources   or   a   diffuse   source   of   contamination  
due  to  the  use  of  treated  or  not  treated  wastewater  for  
irrigation  where  the  contaminated  water  is  used  over  
a   larger  area,  and   these   investigations  are  by  Müller  
et   al.   (2008)   and  Zemann   et   al.   (2014).  Yet   another  
study  is  included  in  this  chapter  and  it  could  be  regar-­
ded   both   as   point-source   and   non-point   source   of  
pollution   and   is   made   by   Rodríguez-Navas   et   al.  
(2013).  The  general  findings  that  could  be  made  from  
all  these  investigations  are  that  these  kinds  of  sources  
are   contaminating   groundwater   to   some   extent.   The  
concentration  levels  will  be  described  in  a  later  chap-­
ter.   
 One   of   the  most   important   conclusions  made   by  
all   scholars   is   the   importance  of  processes   and   inte-­
ractions  between  pollutant  and  matrix   in   the   subsur-­
face.   It   has   been   stated   that   these   processes   are  
affecting   the   contamination   of   groundwater.   Proces-­
ses  like  dilution,  sorption,  attenuation,  and  degradat-­
ion  are  affecting   the   transport  and   therefore  also   the  
concentration   found   in   groundwater.   The   fate   of  
pharmaceuticals  or  any  other   contaminant   in   the  en-­
vironment  depends  on  the  physiochemical  properties  
of   the   contaminant   itself   but   also   the   characteristics  
of  the  receiving  environment  (Lapworth  et  al.  2012).     
 
5.2.2  Patterns  of  spreading 
Einsiedl   et   al.   (2010)   investigated   the   transport   of  
wastewater   contaminants   through   a   karst   ground-­
water   system   in   the   Franconian   Alb,   southern  
Germany,   state   that   the   pharmaceuticals   are   highly  
diluted  in  this  type  of  groundwater  system  and  that  a  
significant  part  of  the  contaminations  can  be  stored  in  
the   fissured-porous   karst   system.   In   this   investigat-­
ion,   samples  were   taken   in   springs   that  are  believed  
to  discharge  the  system.  Furthermore  they  used  diffe-­
rent   kind   of   tracers   for   the   hydraulic   measurements  
of  the  system  with  the  result  that  the  tracers  appeared  
in  the  springs  within  hours  after  the  injection,  but  in  
very   low   concentrations   and   the   scholars   concluded  
that   the   storage   potential   of   a   groundwater   system  
like   this   is   sufficient   together  with   the   dilution   pro-­
cesses.   The   importance   of   dilution   in   bedrock  
aquifers   is  also   stated  by  Kozuskanich  et  al.   (2014).  
Contrary  to  Einsiedl  et  al.  (2010)  Kozuskanich  states  
that  the  water  that  enters  a  fractured  system  like  this  
not  only  works  as  a  diluter  but  also  as  a  transmitter  of  
the   contaminants.   In   their   investigation,   the   resear-­
chers  are  suggesting  that  the  contaminants  ending  up  
in   the   aquifer   contaminating   the   village’s   drinking  
water  can  be  transported  through  fractures  over  large  
areas.   To   track   the   source   in   a   complexly   fractured  
bedrock   aquifer   can   be   complicated   and   that   the  
fracture  network   itself  causes  a  dispersion  of   the  con-­
taminants   in   three   dimensions.   Due   to   the   geological  
characteristics  and  the  pathways  through  fractures  of  a  
bedrock   aquifer   the   spreading   in   these   differ   form  
spreading  in  an  aquifer  that  is  made  of  sand,  gravel  or  
other  unlithified  material.     
 For   the   investigations   where   aquifers   are   situated  
in   sediments   of   different   kinds   such   as   gravel,   sand,  
alluvial  deposits  or  costal  plain  deposits  the  situation  is  
quite  different.  The  general  conclusion  is  that  the  con-­
centration   of   the   pharmaceuticals   decreases   with  
distance   from   the   point   source.   Barnes   et   al.   (2004)  
states   that   the   sampling   points   closest   to   the   landfill  
are  the  most  contaminated  ones.  Although  their  scope  
of  the  investigation  was  not  to  analyze  factors  such  as  
sorption   and   degradation   of   the   pharmaceuticals   they  
state   that   this   is   probably   the   explanation   of   de  
decrease   in   concentration.      Holm   et   al.   (1995)   also  
signify  the  relationship  between  a  decrease  in  concent-­
ration  and  the  distance  from  the  landfill.  This  can  part-­
ly  be  explained  by  dilution  but  not  for  all  pharmaceuti-­
cals.  All  pharmaceuticals  included  in  this  study  have  a  
low  octanol/water  distribution  coefficient   (Log  Kow).  
(This  is  a  way  of  describing  a  compounds  solubility  in  
water  as  the  ratio  of  a  compounds  solubility  in  octanol,  
(a   non-polar   solvent)   compared  with   its’   solubility   in  
water   (polar   solvent).   If   a   compound   has   a   low  Kow  
they  are  more  polar.  The  log  Kow  term  could  be  used  
as   an   indicator  of   an  organic   compounds   tendency   to  
adsorb  to  soil  (EPA,  2015a))  The  low  log  Kow  makes  
therefor  the  compounds  highly  water-soluble,  which  in  
turn  makes   them  mobile   in  water  and  are  expected   to  
move   in   the   same   velocity   as   groundwater   flow.  
Propyphenazone  (an  analgesic  pharmaceutical)  has  the  
highest   Log   Kow   and   that   should   indicate   that   the  
pharmaceutical   would   retard   the   most   in   the   plume.  
This   is   however   not   the   case   since   this   is   the   only  
pharmaceutical   found  with   a   distance   of   115  m   from  
the   landfill.   This   result   combined   with   the   high   Log  
Kow  value   indicates   that   sorption   is   not  an   important  
factor  in  this  case.  The  researchers  further  explain  the  
attenuation   with   the   distance   from   the   landfill   with  
degradation,   although   they   could   not   prove   this  
because  none  of   the   compounds   identified   can   exclu-­
sively  be  seen  as  a  degradation  product.  Sulfonamides  
can   degrade   to   sulfanilic   acid,   sulfanilamide   and  
sulfafuanidine,  but   the  results   from  the  plume  did  not  
show  any   increase   in   these  compounds  corresponding  
to   the   distance   from   the   landfill.   The   third   included  
investigation  from  a  landfill  by  Peng  et  al.  (2014)  con-­
tradicts   the   result   of   the   decrease   in   relation   to   the  
distance  in  the  above-mentioned  investigations,  as  this  
was  not  the  case  in  the  leachate  plume  from  this  land-­
fill.    The  distances  in  this  investigation  are  greater  (up  
to  3178  meters)  than  those  previously  mentioned.  The  
most   frequently   found   pharmaceuticals  
(sulfamethaxzole,  dehydroerythromycin  and   fluconaz-­
ole)   are   considered   to   be   mobile   in   water   and   may  
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follow   the   groundwater   flow,   but   the   correlation  
between   the   concentrations   and   the   distance   is   weak  
and   therefore   the  scholars  suggest   that   there  might  be  
other   sources   of   contamination   in   the   surrounding  
areas.   Furthermore,   the   researchers   state   that   dilution  
is  an  important  factor  in  the  control  of  concentration  in  
the  leachate  plume.     
 
5.2.3  The  receiving  environment 
The   specific   environment   that   the   pharmaceutical   is  
entering   is   also   of   importance.   Carrara   et   al.   (2008)  
state   that   the  redox  potential   in   the   in   the  sub  surface  
influences   whether   a   pharmaceutical   is   found   in   the  
plume   down   gradient   of   a   septic   system   or   not.   All  
pharmaceuticals   in   that   investigation   were   found   in  
reducing  areas  whereas  none  were   found   in  oxidation  
areas.     The  study  done  by  Reh  et  al.   (2013)  also  sug-­
gests  a  higher  persistency  of  organic  micro  pollutants  
in   reductive   conditions.   Carrara   et   al.   (2008)   explain  
this   behavior   with   an   enhanced   degradation   of   the  
pharmaceuticals   under   oxidizing   conditions.      In   con-­
trast   to   these   findings   Holm   et   al.   (1995)   finds   the  
pharmaceuticals   to  be  degraded  better  under   reducing  
conditions.   The   investigations   concern   two   different  
settings,  one  from  a  landfill  (Holm  et  al.  1995)  and  the  
other  one  (Carrara  et  al.  2008)  from  a  leachate  plume  
from  a  septic  system.  They  also  differ  in  what  kind  of  
pharmaceuticals   is   included,   with   different   chemical  
structures,   and   this   affects   the   outcome   of   how   they  
react   under   reducing   or   oxidizing   conditions.   From  
these  results  one  can  conclude  that  the  behavior  of  the  
pharmaceuticals  in  the  environment  differ  widely  with  
what  kind  of  environment  they  enter.  No  clear  patterns  
of  what  kind  of  environment,  regarding  redox  potenti-­
al,   that  better  degrades  pharmaceuticals  could  be  seen  
from  the  reviewed  articles.   
 What   all   researchers   suggest   is   that   the   reactions  
and   processes   taking   place   in   the   vadose   zone   is   of  
importance.  With  a  longer  distance  to  the  water  table,  
the  transport  through  the  vadose  zone  (the  zone  where  
pores  are  filled  with  both  air  and  water  (Fetter,  2001))  
is  longer  where  much  aerobic  oxidation  is  taking  place  
(Carrara  et  al  2008).    The  organic  carbon  content  in  the  
material  of  the  vadose  zone  is  also  of  significance,  but  
Hoppe-Jones  et  al.  (2012)  state  that  microbial  commu-­
nities   can   degrade   some   pharmaceuticals   even  with   a  
low  organic  carbon  content  in  the  subsurface.  Schaider  
et  al.  (2014)  is  also  pointing  out  both  the  organic  car-­
bon  content  of   the   subsurface  and   the   redox  potential  
as   important   factors   in   the   transport  and   fate  of  phar-­
maceuticals.  The  sorption  to  organic  carbon  in  the  se-­
diment   of   the   aquifer   may   retard  movement   of   some  
hydrophobic   organic   wastewater   compounds.   It   may  
also  enhance  the  biodegradation.  Carrara  et  al.  (2008)  
also   suggest   that   organic   carbon   is   contributing   to   li-­
mitation   of   the   transport   of   pharmaceuticals   at   one  
sampling  point  where   the  organic  carbon  content  was  
higher  in  comparison  to  other  sampling  sites.   
 As   previously   described   there   are   differences  
between   the   pharmaceuticals   in   how   they   react   with  
the   surrounding   environment.   Einsiedl   et   al.   (2010)  
found  both  diclofenac  and  ibuprofen  in  the  samples  of  
the  springs.  These  are,  according  to  study  under  envi-­
ronmental  conditions  both  anions,  which  leads  to  a  low  
sorption   behavior.   On   the   other   hand,   Müller   et   al.  
(2012)   describe   diclofenac   as   a   polar   organic  
compound   so   that   the   sorption   behavior   is   dependent  
on   the  pH.  Diclofenac  was   found  more   frequently  by  
Einsiedel   et   al.   (2010)   and   they   explain   this  with   the  
higher  biodegradability  of  ibuprofen.  Mersmann  et  al.  
(2003)  come  to  the  same  conclusion  in  a  column  expe-­
riment   where   diclofenac   was   shown   to   be   more   re-­
sistant   to   biodegradation   in   the   saturated   zone   than  
ibuprofen.   Ibuprofen   is   also   described   as   highly   mo-­
bile  by  Zemann  et  al.   (2014)  and   the  result  shows  al-­
most  no  retardation   to  soil  organic  matter,  although   it  
was   low  in   this  environment.  Other   studies  have  con-­
cluded  that   ibuprofen  is  eliminated  effectively  in  both  
aerobic   and   anaerobic   conditions   (Hua   et   al.   2003,  
Maeng  et  al.  2011  and  Hoppe-Jones,  2012).    Carbama-­
zepine   is  a  pharmaceutical   that   is   found   frequently   in  
the   included   investigation   in   this   thesis.  This  pharma-­
ceutical   is   proven   not   to   be   degraded   or   retained   in  
wastewater   treatment   plants   and   the   dominant   factor  
controlling  the  concentration  of  carbamazepine  during  
soil   passage   is   dilution   (Clara   et   al.   2004).  This   is   in  
agreement  with  what  Rozmann  et  al.  (2014)  finds  con-­
cerning   carbamazepine,   but   they   also   find   ibuprofen  
and  diclofenac  to  be  resistant  in  this  environment.   
 
5.2.4  Input 
Another  important  variable  in  what  concentrations  are  
found   in   groundwater   that   is   pointed   out   by   many  
scholars   is  the  differences  in   the  input  of   the  pharma-­
ceuticals.  Kozuskanish  et  al.  (2014)  states  that  antibio-­
tics   can   be   used   during   a   relatively   short   time   giving  
one   type   of   input   whereas   other   pharmaceuticals   are  
taken  on  an  on-going  basis  and  this  gives  another  type  
of  input  to  the  environment.  There  are  also  differences  
in  usage  for  older  or  younger  population  and  this  could  
also   be   reflected   in   the   concentrations   found   in  
groundwater   whereas   an   older   population   likely   uses  
more  pharmaceuticals   than  a  younger  population  (Del  
Rosario   et   al.   2014).   Müller   et   al.   (2012)   could   for  
example   distinguish   between   groundwater   influenced  
by   “old”   sewage   water   and   “new”   in   terms   of   what  
kind   of   pharmaceuticals   where   found.   The   scholars  
could   conclude   this   by   comparing   the   results   of   the  
concentrations  with  statistics  over  usage  patterns  over  
the  years.  Another  type  of  input  is  that  of  reused  trea-­
ted  wastewater  for  irrigation  described  by  Müller  et  al.  
(2012),  Zemann  et  al.   (2014)  and  Rodrígues-Navas  et  
al.  (2013).  In  Mallorca  the  situation  is  that  the  demand  
of  water  is  larger  than  the  natural  resources  and  due  to  
growing   tourism   the   reuse   of   treated   wastewater   is  
needed.  The  researchers  state  that  since  that  the  treated  
domestic  wastewater  is  one  of  the  principal  water  sup-­
plies   there   is   a   high   risk   of   self-contamination   when  
the   pollutants   are   reintroduced   into   the   aquatic   envi-­
ronment  on  the  island.   
14 
 
 
5.3  Urban  areas 
Urbanization   is   today   a   global   phenomenon   (Foster  
and  Vairavamoorthy,  2013)  and  groundwater  in  urban  
areas   is   vulnerable   to   contamination   through   human  
activities  and  industries  (López-Serna  et  al.  2012).  The  
urban  areas  are  growing  and  this  leads  to  an  increasing  
demand  of  water  for  both  industrial  and  domestic  use,  
which   in   turn   leads   to  more  wastewater.  Many  of   the  
world’s  cities  are  located  in  low  areas  in  the  landscape,  
which  makes   the  urban  groundwater  systems  a  “sink”  
for   many   persistent   urban   pollutants      (Foster   and  
Vairavamoorthy,   2013).   Urbanization   may   interact  
with  groundwater  in  several  ways.  Pollution  can  occur  
by   contamination   loads   from   in-situ   sanitation,   sewer  
leakage,   and   reuse   of   wastewater   for   irrigation.   The  
natural   groundwater   system   can   also   be   affected   by  
overexploitation  of  groundwater  extraction,  modifying  
recharge   by   the   settlements   that   prevent   natural  
recharge  by  precipitation.  Leaking  water  mains  or  lea-­
king   sewer   networks   can   instead   compensate   the  
recharge.   Other   parts   of   the   infrastructure   can   also  
disturb   the   natural   groundwater   system   (Foster   and  
Vairavamoorthy,  2013). 
 The  investigations  in  urban  areas  that  are  included  
her  are  Tran  et  al.  (2014)  (Singapore),  Félix-Cañedo  et  
al.   (2013)   (Mexico   City),   Kuroda   et   al.   (2012)  
(Tokyo),  Osenbrück  et  al.  (2007)  (Halle),  Lopéz-Serna  
et   al.   (2012)   (Barcelona),   Reh   et   al.   (2013)   (city   not  
specified). 
 As  for  the  point-sources  none  of  the  included  inve-­
stigations   in  urban  areas  were  free  from  pharmaceuti-­
cals  in  groundwater.  In  urban  areas  the  main  source  of  
pharmaceutical   contamination   seems   to   be   leachate  
from  sewage  networks  and  infiltration  of  surface  water  
that  is  recipient  of  effluents  from  wastewater  treatment  
plants  (WWTP).   
 
5.3.1  The  impact  of  different  sources  of  contami-­
nation  in  urban  areas 
In   Singapore   (Tran   et   al.   2014)   the   groundwater  
quality   regarding   contamination   of   pharmaceutical   is  
exclusively   impacted   by   leachate   from   sewer  
networks,   infiltration   of   illegal   discharge   of  
wastewater  or  sewer  overflows.  This  is  due  to  the  lack  
of   irrigation  with   treated  wastewater,  wastewater   dis-­
posal   sites   or   treated   wastewater   effluents   in   surface  
water   the   area.   In   this   investigation   the   researchers  
aimed   to   find   suitable   molecular   markers   for   raw  
wastewater   contamination   of   surface   water   and  
groundwater.  The  results   imply   that  both  areas  within  
sewered   catchment   and   catchments   with   no   known  
wastewater   source   were   contaminated   with   pharma-­
ceuticals,  and   therefore   the  conclusion  could  be  made  
that  raw  wastewater  is  contaminating  the  groundwater  
of   Singapore.   The   scholars   also   conclude   that   the   si-­
multaneous  occurrence  of  both  labile  markers  i.e.  they  
are   subjects   for   biodegradation   (acetaminophen   and  
salicylic  acid)  and  persistent  markers  (carbamazepine)  
confirms   recent   event   of   raw  wastewater   contaminat-­
ion  of  groundwater.  This  is  due  to  the  conclusion  made  
that  the  labile  markers  are  subject  to  more  degradation  
than   the   persistent   ones.   According   to   the   scientists  
this  is  the  first  study  that  reported  the  suitability  of  two  
biodegradable   pharmaceuticals   as  markers   for   impact  
of   raw   wastewater.      Félix-Cañedo   et   al.   (2013)   also  
comes   to   the   conclusion   that   wastewater   exfiltration  
from  sewage  networks  is  the  main  source  of  contami-­
nation   in  Mexico  City.  The   highest   concentrations   of  
pharmaceuticals   in   groundwater   were   found   in   the  
same  area  as  where  three  large  tunnels  for  transporting  
wastewater   out   of   town   are   located.   Additionally,   at  
another   location   further   away   from   these   tunnels   the  
concentrations   of   pharmaceuticals   were   lower,   this  
was  expected  given  the  distance  to  the  source  but  this  
result  also  implies  that  there  might  be  other  sources  of  
pollution   than   sewage  networks.  The  hydrogeological  
conditions  could  also  contribute  to  these  results.  There  
is   only   one   aquifer   underlying   Mexico   City   but   the  
differences   in   stratigraphy   and   a   complex   hydrogeo-­
logy  may  be  important  factors  influencing  the  proces-­
ses   and  movements  of   pharmaceuticals   in   the   subsur-­
face.   
 The  investigation  in  Tokyo  comes  to  a  similar  con-­
clusion  in  that   the  sewage  network  is  the  main  source  
of   contamination   in   the   aquifers   below   the   city.  
Furthermore,  there  is  no  surface  water  in  the  area  that  
can   contaminate   the   groundwater.   The   hydrogeology  
of   Tokyo   is   complex   with   both   confined   and   un-­
confined  aquifers   that  are  connected   through  hydrolo-­
gical  windows.  The  occurrence  of  pharmaceuticals   in  
both   types   of   aquifers   shows   the   vulnerability   of  
groundwater   systems   in   urban   areas.   The   researchers  
believe   that   the   confined   aquifer   is   contaminated   due  
to   contamination   in   recharge   zone.   Another   expla-­
nation  might  be  due  to  the  differences  in  the  potential  
of  the  aquifers  and  this  could  lead  to  a  sort  of  leachate  
around  defected  wells  from  the  unconfined  to  the  con-­
fined  aquifer.   
 There  are  also  three  investigations  done  where  sur-­
face  water  impacts  the  quality  of  groundwater.  Surface  
water  is  often  a  recipient  of  effluents  from  WWTP  and  
the   hydraulic   connections   between   surface   water   and  
groundwater  could  cause  contamination  of  the  ground-­
water   in   combination   of   leachate   from   sewered  
networks   in  urban  areas.   In   two   investigations   the   in-­
vestigators   can   show   the   impact   of   surface   water   on  
the  contamination  of  groundwater.  The  first  one   is  by  
López-Serna   et   al.   (2013)   in   Barcelona,   where   the  
Bésos  River   is   the  recipient  of  effluents   from  WWTP  
and   the   aquifer   is   mainly   recharged   by   natural   bank  
infiltration   from   this   river   and  had   the  most   contami-­
nated   groundwater   in   the   area.   The   result   shows   that  
some  of  the  pharmaceuticals  were  found  in  higher  con-­
centrations   in   groundwater   than   in   surface  water,   alt-­
hough   the   researchers   state   that   the   samplings   of   the  
river  was  made   in  May  when  precipitation   rates  were  
high  and  therefore  the  concentrations  could  be  diluted  
in   surface   water.   Additionally,   the   groundwater  
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samples  that  contained  higher  concentrations  than  sur-­
face  water  were  taken  very  near  the  edge  of  the  river.  
The   aquifers   work   as   reservoirs   and   they   represent  
concentrations   from   water   that   entered   the   aquifer  
from  several  periods,  so  the  diluted  surface  water  may  
not  have  affected  the  concentration  at  this  point.  Osen-­
brück   et   al.   (2007)   furthermore   points   out   the   im-­
portance  of  contaminated  surface  water  infiltrating  the  
groundwater   as   one   of   the   important   sources   of   con-­
tamination   of   groundwater,   but   also   the   sewer   exfilt-­
ration   in   the  urban  area.  The  contribution   to  contami-­
nation   of   groundwater   by   surface   water   does   depend  
on   the   hydraulic   connections   between   the   different  
water  types  as  described  in  the  introduction  chapter.  In  
Tokyo,   on   the   other   hand   Kuroda   et   al.   (2012)   state  
that  the  river  water  from  Tamagawa  River  (containing  
effluents)  was  not  a   source  of  contamination  of  phar-­
maceuticals   in  aquifers.  This  due   to   lack  of  hydraulic  
connections  and  the  result  of  no  found  pharmaceuticals  
in  the  confined  aquifer  close  to  the  river  confirms  this.   
 
5.3.2  Important  processes  in  the  subsurface 
The   attenuation   processes   are   interpreted   in   different  
ways   in   the  articles.  Reh  et  al.   (2013)  assumes   in   the  
faulted   and   fractured   karstic   aquifer   that   the   underre-­
presented  compounds  compared  to  their  “defined  daily  
doses,   DDD   (WHO   (2015)   defines   this   as   the  
“Assumed   average   maintenance   dose   per   day   for   a  
drug  used  for   its  main   indication   in  adults”),  was  due  
to  attenuation  of   the  compound  in   the  aquifer.  This   is  
exemplified  by  the  scholars  in  the  comparison  between  
metoprolol  and  carbamazepine.  Metoprolol  has  a   four  
to   five   times   higher   input   mass   than   carbamazepine  
but  the  detection  frequency  is  almost  the  same  for  the  
two  compounds.  This  indicates  that  metorpolol  is  bet-­
ter   attenuated   in   the   subsurface   than   carbamazepine.  
Whereas  Osenbrück  et  al.  (2007)  explains  the  low  con-­
centration   (near  detection   limits)  of  carbamazepine   in  
areas  that  are  not  impacted  by  river  water  (but  impac-­
ted  of  sewer  exfiltration)  by  strong  attenuation  during  
the   subsurface   transport   with   seeping   wastewater.  
Lopéz-Serna  et  al.  (2013)  could  see  a  relation  between  
attenuation  and  depth  in  the  area  that  is  influenced  by  
river  water  where  the  upper  sampling  points  (closer  to  
the   land   surface)   had  higher   total   concentrations   than  
the  wells  taking  water  further  down  in  the  aquifer.  The  
area  where  this  could  be  seen  was  under  reducing  con-­
ditions  whereas  no  such  relation  could  be  found  in  the  
areas   where   oxidizing   conditions   occurred.   Further-­
more   they   explain   that   in   the   reducing   areas   this  
decrease   could   be   attributed   to   processes   like   biode-­
gradation,   dilution   or   physical   adsorption   whereas   it  
could   be   explained   with   attenuation   and   chemical  
transformation   at   the   oxidizing   site.      Félix-Cañedo   et  
al.  (2013)  also  suggest  that  the  reason  they  did  not  find  
any  naproxen  or  ibuprofen  in  the  groundwater  is  due  to  
processes  in  the  vadose  zone  caused  by  aerobic  biode-­
gradation.      Whereas   Reh   et   al.   (2013)   explains   the  
higher   concentration   of   pharmaceuticals   in   reducing  
conditions  by  persistence  of  the  pharmaceuticals.   
 Sorption   processes   are   also   described   as   im-­
portant   factors  controlling   the  concentrations  ending  
up   in   the  groundwater.   In  Mexico  City  where  diclo-­
fenac   and   salicylic   acid   were   found   in   groundwater  
they  are  not  subjected  to  much  sorption  to  material  in  
the   subsurface   due   to   that   they   are  weak   acids,   and  
believed  to  move  freely  with  the  wastewater  infiltrat-­
ion.  Osenbrück  et  al.  (2007)  states  that  some  sorption  
to   organic   matter   is   taking   place   where   there   is   an  
influx  of  river  water  in  the  aquifer  although  the  con-­
centration  of  carbamazepine  is  still  higher  at  that  site  
than  were   there   is   no   influx.  The   scholars   state   that  
this  has   to  do  with   the   input,  which   is  bigger  where  
river   water   with   effluents   affects   the   aquifer   than  
were  sewer  leachate  is  occurring.   
 Another  interesting  finding  by  Lopéz-Serna  et  al.  
(2013)   is   the   relation   between   the   occurrence   of  
pharmaceuticals   and   the   geological   formation,   and  
this   is   the   only   investigation   included   in   this   thesis  
that   comes   to   this   conclusion.   The   researchers   ex-­
pected  to  see  a  difference  between  the  occurrence  of  
pharmaceuticals   in   aquifers   consisting   of   sands   or  
gravel  and  those  that  consist  of  clay.  Sand  and  gravel  
are  according   to   the  scholars  considered   inert   to  ad-­
sorption,  and  clay  on  the  other  hand  is  more  likely  to  
adsorb   some   pharmaceuticals.   In   general   they   state  
that   the   results   of   this   was   quite   random   and   they  
suggests  that  lithology  is  not  the  main  factor  that  are  
influencing  the  occurrence  of  pharmaceuticals  in  the  
groundwater.   
 
5.4   Studies   without   known   contaminat-­
ion  by  pharmaceuticals  in  groundwater 
In   this   part   investigations   are   included   that   have   no  
strict  criteria  concerning  the  sampling  points  as  they  
were  not  chosen  out  of  suspected  or  known  contami-­
nation  but  to  screen  where  and  how  groundwater  are  
contaminated.  The  included  investigations  are:  Fram  
and  Belitz  (2011)  California,  Vulliet  and  Cren-Olivé  
(2011)   Rhône-Alps   region,   Loos   et   al.   (2010)   pan-
European  survey 
 
5.4.1  Conclusions  from  screening  investigations 
The  general  conclusion  that  can  be  made  by  the  inve-­
stigations  in  this  chapter  is  that  even  though  the  rese-­
archers   in   each   investigation   did  not   focus  on   areas  
where   there   was   a   known   or   suspected   contaminat-­
ion,   all   investigations   still   found  pharmaceuticals   in  
groundwater.   The   method   of   the   investigations   in  
this   chapter   is   more   or   less   a   screening   of   the  
occurrence   of   pharmaceuticals   in   groundwater   and  
therefore  the  scholars  did  not  in  any  great  extent  ana-­
lyze   the   results   more   than   stating   the   occurrence.  
Loos  et  al.  (2010)  for  example  made  a  pan-European  
survey   on   the   occurrence   of   organic   pollutants   in  
groundwater   and   the   result   shows   that   59   different  
organic   chemical   compounds   were   found.   Inte-­
restingly   two   of   the   pharmaceuticals   that   are   most  
frequently  found  in  all  investigations  included  in  this  
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thesis,   naproxen   and   gemfibrozil   (see   chapter   The  
kind  of  pharmaceuticals   found   in   the   included   inve-­
stigations,   figure   5)   were   not   detected   at   all   in   this  
investigation.   Two   other   regional   screenings   were  
done  by  Vulliet  and  Cren-Olivé  (2011)  and  Fram  and  
Belitz   (2011).   Vulliet   and   Cren-Olivé   (2011)   found  
that   no   samples   were   free   from   pharmaceuticals   in-­
cluding   both   groundwater   and   surface   waters   but  
generally   groundwater   was   less   contaminated   than  
surface   waters   except   for   one   compound,  
sulfamethoxazole.  This  compound  was  found  in  hig-­
her   concentrations   in   groundwater   than   in   surface  
water.   This   is   an   interesting   result   since   the   general  
conclusion   in   all   investigations   included   (that   also  
investigated   surface   water)   in   this   thesis   is   that   the  
concentrations   found   in   groundwater   is   often   much  
lower   than   those   found   in   surface  water.  Petrović   et  
al.  (2014)  investigated  the  occurrence  of  pharmaceu-­
ticals   in   different   water   types   in   Serbia,   and   their  
main   focus   was   not   on   groundwater   although   they  
sampled   public   water   wells   in   two   cities,   Novi   Sad  
and  Vrbas.   The   investigators   do   not   discuss   the   re-­
sults   of   the   groundwater   more   than   in   the   sense   of  
which  pharmaceuticals  are  found. 
 The  investigation  in  this  chapter  that  made  wider  
conclusions   based   on   the   results   than   the   others   is  
Fram  and  Belitz   (2011).  Firstly  based  on   the   tritium  
activities  of  the  groundwater  they  concluded  a  strong  
relation  between  pharmaceuticals  and  modern  water.2  
The   scholars   state   that   if   the   groundwater   samples  
contained  a  tritium  activity  greater  than  0.2  TU,  this  
indicates   that   the   groundwater   at   least   contained  
some  modern  water.  Furthermore  they  can  also  see  a  
relation  between  pharmaceuticals  in  groundwater  and  
the  land  use,  50  %  of  the  samples  with  detections  of  
pharmaceuticals   originated   in   the   metropolitan   area  
of  Los  Angeles.  This   is   partly   explained  by   the   fact  
that  Los  Angeles   is   the   largest  urbanized  area   in   the  
state  but  also  by   the  highly  engineered  nature  of   the  
groundwater  flow  at  the  site.  The  recharge  is  engine-­
ered   and   the   use   of   treated   wastewater   and   storm  
water  can   transport  the  anthropogenic  compounds   to  
the  aquifers  efficiently.     
 
5.4.2  Behavior  of  found  pharmaceuticals 
What   all   the   investigations   have   in   common   is   that  
carbamazepine   is   one   of   the   most   frequently   found  
pharmaceuticals.   Loos   et   al.   (2010)   found   carbama-­
zepine  in  42  %  of  the  samples  and  Vulliet  and  Cren-
Olivé   (2011)   found   this   compound   in   70   %   of   the  
samples.  These   researchers   state   that   carbamazepine  
is   known   to   be   persistent   in   the   environment   and  
according   to   PreuX   et   al.   (2001)   and   Clara   et   al.  
(2004)  is  it  not  subjected  to  any  adsorption  or  degra-­
dation  in  either  waste  water  treatment  or  in  the  trans-­
port  towards  groundwater.  The  result  of  the  Fram  and  
Belitz  (2011)  investigation  also  shows  that  carbama-­
zepine   was   the   most   frequently   found   pharmaceu-­
tical.  They  explain  the  high  detection  frequency  com-­
pared  to  the  other  pharmaceuticals  found  in  the  study  
with   a   much   higher   use   (e.g.   acetaminophen)   with  
the  persistent  nature  of  the  carbamazepine  molecule.  
The   scholars   refer   to  other   studies   that   have  proven  
that  carbamazepine  is  highly  resistant  to  biodegradat-­
ion  (Clara  et  al.  2004;;  Suarez  et  al.  2010  and  Wu  et  
al.  2010)  and  to  studies  showing  that  carbamazepine  
is   not   part   of   sorption   processes   in   water-sediment  
systems   (Löffler   et   al.   2005;;   Drewes   et   al.   2003;;  
Snyder   et   al.   2004   and   Heberer   et   al.   2004).  
Sulfamethoxazole   is   the   second   most   frequently  
found   pharmaceutical   according   to   both  Vulliet   and  
Cren-Olivé   (2011)  and  Fram  and  Belitz   (2011),  and  
Snyder  et  al.   (2004)   shows   that   sulfamethoxazole   is  
nearly   as   resistant   to   biodegradation   as   carbama-­
zepine  and  this  could  explain  the  high  detection  fre-­
quency  of  both  these  compounds. 
 
5.4.3  Human  health  calculations 
Vulliet   and  Cren-Olivé   (2010)   and  Fram   and  Belitz  
(2011)  calculated  the  risk  for  human  health  based  on  
the  concentrations  found  in  each  investigation.  They  
based   their   calculations   on   the   same   methodology,  
the  I70  concept  that  was  first  developed  by  Richard-­
son  and  Brown  (1985).  This  is  based  on  a  lifetime  of  
70  years  and  the  ingestion  of  2L  of  water  per  day  and  
the  calculations   in  both   investigations  were  done  on  
the  maximum  concentrations  found  of  a  few  pharma-­
ceuticals.   Fram   and   Belitz   came   to   the   conclusions  
that   the   cumulative   masses   that   would   be   ingested  
over  70  years  was  0,5  –  18  %  of  the  masses  ingested  
in   one   typical   daily   therapeutic   dose.   Vulliet   and  
Cren-Olivé   calculated   that   the   intake   would   corre-­
spond  to  0.0001  to  0.0751  times  the  daily  therapeutic  
dose   and   made   the   conclusion   that   this   amount  
would  not  be  a  risk  for   the  French  adult  population.  
They  both  state  that  this  evaluation  is  based  on  indi-­
vidual  pharmaceuticals  and   that  effects  of   long-term  
intake   of   a   mixture   of   pharmaceuticals   are   yet   not  
well   known.   Félix-Cañedo   et   al.   (2013)   also   points  
out  that  it  is  important  to  consider  the  effects  of  long-
term  ingestion  of  mixture  of  micro  pollutants  in  drin-­
king  water  for  human  consumption.   
 
5.5   Investigations   with   known   or  
suspected  contamination 
Barnes   et   al.   have   conducted   a   national   recon-­
naissance   of   pharmaceuticals   and   other   organic  
wastewater  contaminants  (OWCs)  in  groundwater  in  
the   United   States   (2008).      This   investigation   is   not  
included  in  any  of  the  other  groups  of  investigations  
since   it   is   the   only   national   reconnaissance   that  
focused   on   sampling   sites   that   are   suspected   or  
known  to  be  contaminated.  The  result  showed  that  81  
%  of  the  groundwater  samples  contained  at  least  one  
OWC.  The  researchers  state  that  the  high  occurrence  
of  detections  of  OWC  is   likely  due   to   the  design  of  
the   investigation   when   they   targeted   sampling   sites  
where  there  was  known  or  suspected  contamination.  
A  comparison   in  sampling  design  can  be  made  with  
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Fram  and  Belitz  (2011)  where  the  scholars  instead  chose  
to   have   a   uniform   distribution   of   sampling   sites   and  
(only)  2.3  %  of  the  groundwater  samples  contained  any  
of   the   pharmaceuticals.   These   results   show   the   im-­
portance   of   the   design   of   the   study.   Like   the   pan-
European  survey  by  Loos  et  al  (2010)  this  investigation  
is  not  discussing  the  result  in  any  great  extent.  The  aim  
of   this   study  was   to   represent   a   first   national-scale   ex-­
amination  of  OWCs   in  groundwater   to   form  a  baseline  
for  further  investigations  of  groundwater  in  the  future.   
 
5.6   The   kind   of   pharmaceuticals   found   in  
the  included  investigations 
As  shown  in  figure  7  the  most  frequently  found  pharma-­
ceutical  class  is  antibiotics  with  23  represented  pharma-­
ceuticals.   The   second   biggest   group   is   NSAID,   which  
are   non-steroidal   anti-inflammatory   pharmaceuticals  
such  as  ibuprofen  and  naproxen.  In  appendix  1  all  phar-­
maceuticals   found   are   represented   and   sorted   within  
each  class  and  details  are  given  on  from  which  investi-­
gations   they   are   reported.   The   scope   of   the   included  
investigations  has  not  been  to  study  the  effects  that  dif-­
ferent  pharmaceuticals  have  on  the  environment,  nor  the  
scope   of   this   thesis.   However,   there   are   investigations  
that  have  proven  effects  of  pharmaceuticals  in  the  envi-­
ronment.  Underwood  et  al.  (2011)  for  example,  investi-­
gated   the   impacts   on   groundwater   bacteria   enrichment  
of   the   antibiotic   Sulfamethoxazole.   The   result   showed  
reduced   growth   rates   of   the   bacteria   and   changes   in  
rRNA  genes  to  one  genus  of  bacteria.   
Another   investigation  by  Hampel   et   al.   (2012)   showed  
that  the  level  of  a  pituitary  hormone  mRNA  in  the  brain  
of  Atlantic  salmon  changed  during  an  experimental  ex-­
posure  of  carbamazepine.   
 Between  2000  and  2010  the  consumption  of  antibio-­
tics   increased   worldwide   with   36  %   and   the   countries  
Russia,  India,  Brazil,  China  and  South  Africa  accounted  
of  76  %  of  that  increase  (Van  Boeckel  et  al.  2014).  The  
high   consumption   of   antibiotics   also   raises   concerns  
about   future   human   health   issues   because   of   the   deve-­
lopment   of   antibiotic   resistance   in   bacteria   that   causes  
common   infections   like   pneumonia   and   urinary   tract  
infections  (WHO,  2015b). 
 The  second  largest  group  is  NSAID,  non  steroidal  
anti-inflammatory   drugs.   They   have   a   wide   usage  
because  they  can  be  used  to  ease  pain,  inflammations  
and   reduce   fever   (Läkemedelsverket,   2015).   Accor-­
ding   to   Singh   (2000)   more   than   30   million   people  
consume  some  kind  of  NSAIDs  on  a  daily  basis.   
 In  figure  8  the  most  frequently  detected  pharma-­
ceuticals  studied  here  are  presented.  The  found  phar-­
maceuticals  are  dependent  on  what  criteria  the  inve-­
stigations  had  when  the  scholars  chose  what  pharma-­
ceuticals  to  include  in  each  investigation.  Some  rese-­
archers  have  based  their  selection  on  the  usage  in  the  
country  where  the  investigation  is  conducted  whereas  
others   have   based   the   selection   on   the   known   per-­
sistency  of  the  compounds  or  other  chemical  proper-­
ties  that  makes  the  compounds  interesting.  The  most  
frequently   found   pharmaceutical   is   carbamazepine  
that  is  an  anticonvulsant  that  is  used  for  treatment  of  
epilepsy  (in  appendix  1  all  pharmaceuticals  found  are  
represented).   
 
5.7   Concentrations   of   found   pharma-­
ceuticals 
Of   the   ten   pharmaceuticals   that   are   found   in   more  
than  four  investigations,  50  %  of  the  maximum  con-­
centrations   are   found   in   urban   areas.   Point   source  
accounts   for   40   %   of   the   maximum   concentrations  
found  here  and  10   from   the  national   reconnaissance  
in   the   United   States.   In   appendix   2   all   maximum  
concentrations   of   the   pharmaceuticals   found   are  
shown.  Table  1   shows   the  maximum  concentrations  
of   the   most   commonly   found   pharmaceuticals,   the  
same   pharmaceuticals   as   in   figure   8.   Generally   the  
concentrations   found   in   the   investigations  are   in   the  
ng/L  range,  although  some  investigations  found  con-­
centrations  in  groundwater  over  μg/L  (1  μg/L  =  1000  
ng/L)  and  they  are  represented  in  table  2. 
The  maximum  concentration  found  of  all  pharmaceu-­
ticals   is   found   by  Holm   et   al.   (1995).  However   the  
pharmaceuticals   included   in   their   investigation   are  
not  included  in  the  most  frequently  found.  This  inve-­
stigation   is   done   at   an   old   landfill   that   was   in   use  
Figure  7:  Numbers  of  pharmaceutical  findings  divided  
into  different  pharmaceutical  classes 
Figure  8:  The  most  commonly  found  pharmaceuti-­
cals  in  all  23  included  investigations.  Only  pharma-­
ceuticals  found  in  4  or  more  investigations  are  rep-­
resented.   
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between  1962-1975  for  disposal  of  waste  from  a  phar-­
maceutical   production.  The   estimated   amount  of   che-­
micals  that  are  placed  in  this  landfill  is  85  000  tons  and  
this   may   explain   the   extreme   high   concentrations  
found  in  groundwater  at  this  site. 
 
5.8   Patterns   in   the   findings   of   pharma-­
ceutical   substances   from   included   inve-­
stigations 
5.8.1  Investigation  areas 
The  included  investigations  in  this  study  have  all  been  
conducted   in   the   developed   part   of   the   world.   This  
might   be   because   these   kinds   of   investigations   and  
analyses   that   focuses   on   micro   pollutants   are   both  
challenging   and   expensive   to   execute   (Rozman   et   al.  
2014).  Furthermore  the  same  authors  state  that  if  these  
kinds  of   pollutants  would  be   included   in   future   regu-­
lations  of  drinking  water  standards  worldwide  it  would  
lead  to  an  increase  in  financial  costs  of  inspection  stat-­
ions   and   monitoring.   It   would   also   be   necessary   to  
further   develop   wastewater   treatment   plants   so   that  
they   improve   the   efficiency   of   the   purification   of  
wastewater.   
 The   geological   and   hydrogeological   conditions   of  
the  study  sites  are  also  of   importance  for   the  findings  
of  pharmaceuticals  in  groundwater.  Most  studies  have    
Table  1:  Maximum  concentrations  found  of  the  pharma-­
ceuticals  most  frequently  detected. 
Compound Max  
con-­‐
centra
Ɵon  
(ng/L) 
Author Type  of  
invesƟga-­‐
Ɵon 
Acetamino-­‐
phen/ 
Paracetamol 
35000 Reh  et  al.  
(2013) 
Urban 
Carbamaze-­‐ 4310 Rozman  et   Point  
Cloﬁbric  acid 4210, Reh  et  al.   Urban 
Diclofenac 3050 Müller  et  al.  
(2012) 
Point  
source 
Salicylic  acid 1994 Tran  et  al.   Urban 
Ibuprofen 1860 Carrara  et  
al.  (2008) 
Point  
source 
Sulfamethox-­‐
azole 
1110 Barnes  et  
al.  (2008) 
NaƟonal  
recon-­‐
Gemﬁbrozil 751 López-Serna  
et  al.  (2013) 
Urban 
Trime-­‐ 194,8 Reh  et  al.   Urban 
Naproxen 160 Carrara  et  
al.  (2008) 
Point  
source 
Com-­‐
pound 
Con-­‐
centra
Ɵon  
ng/L    
(μg/L) 
Author Type  of  
invesƟga-­‐
Ɵon 
Aceta-­‐
minophe
n 
35000  
(35) 
4689  
(4,689) 
Reh  et  al.  
(2013) 
Tran  et  al.  
(2013) 
Urban 
Urban 
Azithro-­‐
mycin 
1620  
(1,62) 
López-Serna  et  
al.  (2013) 
Urban 
Carbam-­‐
azepine 
2325  
(2,325) 
4310  
(4,31) 
Müller  et  al.  
(2012) 
Rozman  et  al.  
(2014) 
IrrigaƟon 
Hospital 
Cloﬁbric  
acid 
1533  
(1,53) 
4210,5  
(4,21) 
Müller  et  al.  
(2012) 
Reh  et  al.  
(2013) 
IrrigaƟon 
Urban 
Crotami-­‐
ton 
1400  
(1,4) 
Kuroda  et  al.  
(2012) 
Urban 
Diclo-­‐
fenac 
3050  
(3,05) 
Müller  et  al.  
(2012) 
IrrigaƟon 
Ibu-­‐
profen 
1860  
(1,86) 
3110  
(3,11) 
Carrara  et  al.  
(2008) 
Barnes  et  al.  
(2008) 
SepƟc  
system 
NaƟonal  
recon-­‐
Keto-­‐
profen 
2886  
(2,886) 
Loos  et  al.  
(2010) 
No  sus-­‐
pected  
Propy-­‐
phenazon
e 
40000
00  
(4000) 
Holm  et  al.  
(1995) 
Landﬁll 
Spiramy-­‐
cin 
2980  
(2,98) 
López-Serna  et  
al.  (2013) 
Urban 
Sulfadia-­‐
zine 
11600
00  
Holm  et  al.  
(1995) 
Landﬁll 
Sulfadi-­‐
midine 
90000
0  (900) 
Holm  et  al.  
(1995) 
Landﬁll 
Sul-­‐
faguanidi
ne 
16000
00  
(1600) 
Holm  et  al.  
(1995) 
Landﬁll 
Sul-­‐
fameetho
xazole 
1110  
(1,11) 
Barnes  et  al.  
(2008) 
NaƟonal  
recon-­‐
naissance 
Sulfanila-­‐
mide 
30000
0  (300) 
Holm  et  al.  
(1995) 
Landﬁll 
Table  2  :    Highest  concentrations  of  all  pharmaceuticals  
found 
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been  conducted  in  unconfined  aquifers  and  this  might  be  
due   to   the   fact   that   they   are   thought   to   be   more  
vulnerable   to   contamination   due   to   their   lack   of   an  
overlying   aquitard   that   protect   them   (Schaider   et   al.  
2014).  However,   confined  aquifers  are,   as  described   in  
the   background,   connected   to   an   unconfined   aquifer   at  
some  point  and  this  could  lead  to  contamination  through  
this   connection.   The   investigation   that   included   both  
confined   and   unconfined   aquifers   and   there   have   been  
findings  in  both  kinds .  Although  samples  were  taken  in  
both   types,   the   confined   aquifers   have   been   less   con-­
taminated  than  the  unconfined  as  in  the  investigation  by  
Kuroda  et  al  (2012).  The  importance  of  what  geological  
medium  the  aquifers  consists  of  is  also  important  for  the  
spreading  of  pharmaceuticals  and  what   kind  of  proces-­
ses  that  is  taking  place  in  the  subsurface.  The  redox  pot-­
ential  in  the  subsurface  have  been  stated  as  important  by  
researchers   as   Carrara   et   al.   (2008),   Reh   et   al.   (2013)  
that  both  suggests  a  higher  persistency  of  pharmaceuti-­
cals  in  reducing  environments  while  Holm  et  al.  (1995)  
suggests  a  better  degradation  in  a  reducing  environment.  
This  is  probably  due  to  the  fact   that  the  researchers  in-­
cluded   different   pharmaceuticals   in   their   investigations  
and  that  these  behave  in  different  ways  due  to  their  dif-­
ferent   chemical   properties   both   of   the   chemicals   itself,  
but   also   due   to   differences   in   the   properties   of   the   re-­
ceiving  environment.   
 
5.8.2.  The  chemical  properties  of  the  pharmaceuti-­
cals 
The   different   chemical   and   physical   properties   of   the  
pharmaceuticals  molecules  make  them  behave  different-­
ly  in  different  geological  environment  and  therefore  it  is  
difficult  to  predict  how  a  pharmaceutical  in  general  will  
behave   in   the   subsurface.   Some   pharmaceuticals   are  
persistent   in   one   kind   of   environment   while   they   can  
degrade   or   be   subject   to   sorption   processes   in   another  
environment.  Carbamazepine  is  the  pharmaceutical   that  
is   found   most   frequently   in   the   investigations   studied  
herein.   Of   the   23   included   investigations   this   pharma-­
ceutical   was   found   in   16.   Osenbrück   et   al.   (2007)   for  
example,   state   that   carbamazepine   was   subjected   to  
sorption  processes   to  organic  matter  at   the  point  where  
there  was  an   influx  of   river  water  while   the  compound  
was  only  subjected  to  attenuation  where  there  was  lack  
of  influx  of  river  water.  This  is  shown  in  the  differences  
in  the  findings  by  Holm  et  al.  (1995)  and  Carrara  et  al.  
(2008)  on  pharmaceutical  degradation  conditions,  where  
Carrara   et   al.   (2008)   suggests   enhanced   degradation  
under  oxidizing  conditions  whereas  the  investigation  by  
Holm   et   al.   (1995)   suggested   enhanced   degradation  
under   reducing   conditions.  This   is   probably   due   to   the  
different  environmental   settings  at  each  site  but  also   to  
the  chemical  properties  of  the  investigated  pharmaceuti-­
cals.   
5.8.3.  Treated  and  untreated  wastewater 
Contamination  derives   from  both  untreated   and   treated  
wastewater .  Treated  waste  water  have  been  discharged  
into   surface   water   and   due   to   hydraulic   connections  
between  surface  water  and  aquifers  this  has  led  to  the  
contamination  of  groundwater   even   if   it   is   a   treated  
wastewater   (Lopéz-Serna   et   al.   2013,   Osenbrück   et  
al.   (2007).  This  might   reflect   that   todays’  design  of  
wastewater   treatment   plant   is   not   able   to   remove  
pharmaceuticals   from   wastewater   effectivelywith  
enough  efficiency.  It  has  also  been  stated  that  leaking  
water  from  sewage  networks  leads  to  the  contaminat-­
ion  of  groundwater  in  the  urban  areas,  in  the  cases  of  
networks   both   containing   treated   and   untreated  
wastewater  (Félix-Cañedo  et  al.  2013  and  Kuroda  et  
al.  2012).  The  influence  of  untreated  wastewater  has  
also  been  mentioned  in  the  investigations  done  of  the  
influence   of   septic   systems   in   more   rural   areas  
(Kozuskanish   et   al.   2014,   Schaider   et   al.   2014   and  
Carrara  et  al.  2008).   
 
6.  Discussion 
The   results   conclude   that   there   are   pharmaceutical  
residues  in  groundwater  in  both  urban  areas  and  rural  
areas   where   septic   systems   or   onsite   wastewater  
treatment   are   in   use   and   down   gradient   landfills.  
Even  in  areas  where  there  was  no  suspected  contami-­
nation   pharmaceuticals   were   found.   How   the   phar-­
maceuticals   are   released   into   the   environment   de-­
pends  on  the  type  of  source,  where  it  is  situated  and  
the  kind  of  pharmaceuticals. 
 
6.1.  Geological  distribution  of  investigat-­
ions 
The   geological   distribution   of   the   investigations   in-­
cluded  in  this  thesis  is  concentrated  in  the  developed  
part  of   the  world.  This  does  however  not  mean   that  
this  is  where  all  the  problems  concerning  pharmaceu-­
ticals   in  groundwater  occur.  Wherever  pharmaceuti-­
cals  are  used,  they  sooner  or  later  end  up  in  the  envi-­
ronment.  The  concentration  to  the  developed  part  of  
the  world  might  instead  be  due  to  that  these  kinds  of  
investigations  and  analysis  are  expensive  and  that  the  
interest   in   these  kinds  of  problems   is   rising.  An  ex-­
ample  of  this  is  that   the  European  Union  is  now  ad-­
ding  two  pharmaceuticals  to  their  list  of  priority  sub-­
stances.  Which   can   be   seen   as   somewhat   limited   if  
one   considers   that   this   literature   review   alone   con-­
tains  results  of  approximately  hundred  different  phar-­
maceuticals.  Considering   the  consumption  of  antibi-­
otics,   the  largest   increase  has  occurred  in  Brazil,  In-­
dia,  China,  Russia  and  South  Africa.  Only  one  inve-­
stigation   included   herein   is   from   these   countries,   a  
landfill   in   China.   Furthermore   these   are   countries  
with   large   populations   and   with   an   increasing   con-­
sumption  of  antibiotics   the   input   to   the  environment  
is  also  increasing.  An  increased  consumption  of  anti-­
biotics  is  already  seen  to  cause  an  even  larger  deve-­
lopment  of   antibiotic   resistance,   and   this   could   lead  
to   that   illnesses   that   today   are   considered   easy   to  
treat  with  antibiotics  can  develop  a  resistance.  In  the  
future   diseases   that   we   have   been   able   to   treat   for  
many  years  might  become  fatal. 
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 Many   manufactures   in   the   world   are   also   located  
where   the   costs   are   low   and   assuming   that   this   is   also  
true  for  the  pharmaceutical  industry  the  release  into  the  
environment   might   even   be   larger   in   these   areas.   Alt-­
hough   as   stated,   the   major   pharmaceutical   markets   in  
the  world  could  be  compared  with  where  the  investigat-­
ions  included  here  are  situated.  Therefore  one  can  con-­
clude  that  this  might  be  a  growing  problem  in  sufficient  
parts  of  the  world,  both  in  developing  part  and  undeve-­
loped  parts. 
 The   lack   of   investigations   done   in   Sweden   is   ho-­
wever   interesting   to  point  out.  There  are  a   few  investi-­
gations   of   pharmaceuticals   in   surface   water   done   and  
according  to  Lena  Maxe  at  SGU  some  investigations  of  
groundwater   have   taken   place,   but   they   have   not   been  
presented  in  scientific  articles  yet.  In  the  pan-European  
survey   (Loos   et   al.   2010)   a   few   samples   are   collected  
from  Sweden.    Why  is  there  such  a  gap  in  investigations  
done   in   Sweden?  Maybe   it   is   due   to   the   fact   that   we  
have   a   good   quantity   of   groundwater   in   Sweden,   and  
therefore  the  common  estimation  is  that  we  also  have  a  
good   quality   of   groundwater.   It   can   also   be   due   to   a  
smaller  population  and  population  density  than  in  many  
other  countries  that  have  comprised  more  investigations  
about  this  issue.   
 
6.2   The   importance   of   the   processes   in  
the  subsurface 
Wherever   the   contamination   of  groundwater   is   coming  
from,  for  example  urban  areas,   landfills,  septic  systems  
or  irrigation,  it  has  a  polluting  effect.  The  nature  of  the  
receiving  environment  and  the  pharmaceuticals  themsel-­
ves  and  the  interaction  between  these  parameters  are  of  
importance.   
 Sorption   to   the   geological   material   or   to   organic  
matter   in   the   subsurface   might   be   of   importance   for  
some   contaminants   while   others   are   reacting   or   degra-­
ded   by   both   chemically   and/or   biologically   reactions.  
The   spreading  of  pharmaceuticals   is  also  dependent  on  
the  chemical  and  physical  properties  of  the  pharmaceu-­
tical   itself,   how   or   if   they   react   with   the   surrounding  
material   in   the   subsurface.   Some   scholars   have   been  
able  to  see  the  relation  between  a  higher  persistency  of  
pharmaceuticals  and  reductive  conditions  in  the  subsur-­
face  while  others  have  seen  a  better  degradation  in  such  
an  environment.  This   is  due   to   the  differences  between  
the  pharmaceuticals  that  enter  the  environment  but  also  
what  kind  of  material,  and  other  characteristics  that  are  
unique  for  each  sampling  site  and  each  pharmaceutical. 
 The  processes  taking  place  in  the  vadose  zone  have  
also   been   stated   as   important.   The   longer   distance   the  
pharmaceutical  is  transported  before  it  reaches  the  water  
table,   the   more   aerobic   oxidation   can   occur   and   the  
microbial   communities   living   here   can   also   degrade  
pharmaceuticals  on  their  way  through  the  subsurface.   
 The  interaction  of  surface  water  and  groundwater  is  
also  significant.  If  the  stream  is  a  losing  stream  towards  
the   groundwater   the   contaminations   are   entering   the  
aquifer.  A  gaining  stream  can  instead  flush  out  contami-­
nants  from  the  aquifer  into  the  surface  water.   
 The  large  quantities  of  different  kinds  of  pharma-­
ceuticals   and   the   importance   of   knowledge   about,  
their  properties  and  how  they  react  in  the  subsurface  
is   sufficient   for   predicting   the   outcome   of   contami-­
nation  of  pharmaceuticals  in  groundwater.   
 
6.3.  Point-sources 
Where   there   is   a   point   source   pollution   there   is   a  
concentration   of   the   pharmaceuticals   being   released  
at   one   point.   Whatever   the   point   source   is,   the  
spreading  of  pharmaceuticals  is  depending  on  where  
they  are  situated.  What  is  the  receiving  environment  
and  what  are  the  chemical  and  physical  properties  of  
the  pharmaceuticals  being  released   into   the  environ-­
ment?  Point  sources  included  here  have  been  situated  
in   both   bedrock   aquifers   where   the   main   process  
spreading   the   contaminants   is   dilution   and   dispers-­
ion.   In   bedrock   aquifers   that   are   fractured   the   pat-­
hways  of   the   contaminants   is   hard   to  predict  due   to  
that   they   can   be   spread   in   three   dimensions   depen-­
ding  on  how   the   fractures  are   interconnected.   It   can  
also   be   hard   to   track   the   source   of   a   contaminated  
fractured  bedrock  aquifer  due  to  this.   
 In  aquifers  that  are  made  of  sand,  gravel  or  other  
unlithified  material  the  spreading  is  creating  a  plume  
down   gradient   the   source.   In   this   situation,   the  
spreading   is   depending   on   how   the   contaminants  
interact   with   the   material   in   the   aquifer.   In   general  
the  concentration  of  a  contaminant  is  decreasing  with  
distance  from  the  source  and  this  might  be  explained  
by   dilution   but   also   other   processes   is   taking   place  
here.  Investigations  included  in  this  thesis  have  seen  
spreading   of   contaminants   from   point   sources   over  
large   areas   (approximately   3000   m).   This   is   off  
course  depending  on   the  hydrogeological   settings  at  
the   site   and   not   all   plumes   can   spread   this   far.  Ho-­
wever  a  result  like  this  implies  that  contamination  of  
groundwater  can  affect  large  areas,  even  far  from  the  
source.     
 
6.4.  Urban  areas 
In   urban   areas   the   spreading   of   pharmaceuticals   to  
groundwater   is  more   diffuse   than   for   point   sources.  
The  main   factor   impacting   the   release   into   ground-­
water   is   stated   to   be   exfiltration   from   sewage  
networks  and  wastewater.  In  those  cities  where  there  
has   been   surface   water   as   recipient   of   treated  
wastewater  this  has  also  been  a  part  of  the  contami-­
nation  of  groundwater.  This   is  off  course  not  exclu-­
sively   taking   place   in   urban   areas.   Contaminated  
surface   water   can   pollute   groundwater   in   wherever  
there   is   contaminated   surface  water   interacting  with  
an  aquifer.   
 The   important  processes   taking  place   in   the  sub-­
surface  do  not  differ  from  the  ones  mentioned  above.  
They  both  depend  on  what  kind  of  pharmaceutical  is  
entering   the   system   and   what   kind   of   environment  
they   are   entering.   The   difference   here   is   that   the  
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source  of  leaking  sewer  networks  is  more  diffuse,  it  can  
occur  wherever  pipes  are  perforated.   
 The  input  of  pharmaceuticals  in  urban  areas  is  larger  
due  to  a  larger  population  and  this  leads  to  a  steady  in-­
put   of   different   kinds   of   contaminations.      The   natural  
groundwater  system  can  also  be  disturbed  due   to   infra-­
structure  beneath   land   surface   interacting  with  ground-­
water.   The   sewer   networks   themselves   might   work   as  
macro  pores  in  the  subsurface  and  the  spreading  of  con-­
taminants   can   increase.   Large   populations   are   also  
causing   an   increasing   demand   of   water.   The   ground-­
water  systems  in  many  urban  areas  are  artificial  rechar-­
ged  with  treated  wastewater  and  this  in  turn  can  lead  to  
an   increase   in   contamination   due   to   the   circular   trans-­
portation  of  pharmaceuticals  and  other  contaminants   in  
the  system.  The  larger  demand  of  drinking  water  is  also  
causing   larger   amounts   of   wastewater   that   has   to   be  
taken   care   of.   The   effluents   from   treated   wastewater  
have   been   proven   to   contaminate   the   groundwater  
where   there   is   a   hydrological   connection   between  
groundwater   and   surface   water.   This   means   that   the  
effluents  contain  pharmaceuticals,  which   in   turn  means  
that   the   design   of   many   wastewater   treatment   plants  
today  is  not  removing  pharmaceuticals  from  water  effi-­
ciently.   
 
6.5.  Found  pharmaceuticals 
The   largest   pharmaceutical   class   that  was   found   in   the  
included   investigations   was   antibiotics.   This   could   be  
due  to  the  increased  consumption  of  antibiotics,  by  both  
humans  and  animals.  It  is  common  in  many  parts  of  the  
world  to  add  antibiotics  to  the  diet  of  animals  to  predict  
diseases   in   livestock’s.   The   second   largest   group   is  
NSAIDs,   painkillers   that   is   both   over   the   counter   sold  
and  by  prescription.  The  widely  usage  and  many  consu-­
mer   of   these   kinds   of   pharmaceuticals   might   explain  
why   these   are   frequently   found   in   groundwater.  
NSAIDs   are   also   widely   represented   in   both   the   most  
frequently  found  pharmaceutical  but  also  found  in  high  
concentrations.   
 Carbamazepine  is  the  pharmaceutical   that  are  found  
most   frequently   in   the   included   investigations.   Many  
scholars  also  state  it   to  be  persistent  and  this  might  ex-­
plain  this  outcome.  Another  potential  explanation  is  the  
input  because  this  is  used  for  treatment  of  epilepsy  it  is  
a   pharmaceutical   that   is   taken   over   a   lifetime   and   this  
makes  it  a  steady  input  into  the  environment. 
 
6.6.   Design   of   the   investigations   and   this  
thesis 
The  design  of  both  the  articles  and  my  thesis  has  affec-­
ted  the  outcome  of  this  thesis.  The  results  of  the  investi-­
gations   are   dependent   on   the   design   of   their   studies.  
How   the   researchers   chose   to   select   pharmaceuticals  
investigated   is   of   importance   for   the   outcome   of   the  
results.   If   the   investigators   decided   to   choose   pharma-­
ceuticals   due   to   their   known   persistency   the   results   is  
going   to   reflect   this.   It   is   more   likely   that   persistent  
pharmaceuticals  will  be  found  in  groundwater  than  less  
persistent  ones.  The  input  of  a  pharmaceutical  is  also  
of  importance.  Some  of  the  researchers  have  focused  
on   the   consumption   of   a   group   of   pharmaceuticals  
that  are  known  to  be  high.  If  the  input  is  high  then  it  
is  also  more  likely  that  this  is  going  to  be  reflected  in  
the  results  due  to  a  steady  add  of  the  pharmaceuticals  
into  the  environment.   
 Due  to  the  design  of  this  thesis  regarding  the  re-­
search  question;;   “What  kind  of  pharmaceutical   sub-­
stances  are  found?”  and  “At  what  levels  are  the  diffe-­
rent  pharmaceutical  substances  found?”  the  included  
investigations   were   chosen   because   they   comprised  
answers  to  these  questions  and  therefore  the  results  is  
that   all   investigations   found   pharmaceuticals   in  
groundwater.  With   this   result   the   conclusion   should  
not  be  made  that  all  investigations  done  in  the  world  
found   pharmaceuticals   in   groundwater   and   this   de-­
sign  could  be  regarded  as  a  bias. 
 
6.7  Possible  implications 
The  population  is  growing  in  the  world  and  the  con-­
sumption  of  pharmaceuticals  is  increasing  due  to  this  
but  also  to  the  design  of  new  better  pharmaceuticals  
and  for  previously  non  curable  illnesses.  So  one  can  
conclude  that  this  is  a  growing  problem  in  the  world  
and   that   we   are   only   beginning   to   understand   the  
processes   behind   pharmaceuticals   in   the   environ-­
ment,   but   also   what   kind   implications   this   might  
have.  A   few  authors  have   stated   that   the  knowledge  
about   long-term   exposure   of   low   levels   of   pharma-­
ceuticals   in   groundwater   is   still   scares.   Furthermore  
the   impacts  of   the  environment  are  also  stated   to  be  
scantily   understood.   There   are   studies   done   on   im-­
pacts   of   different   kinds   of   organisms,   but   how   this  
will   impact   a   whole   ecosystem   subjected   to   long-
term   exposure   is   still   unknown.  The   calculations   of  
the  I70  concept  that  have  been  conducted  by  resear-­
chers   included   in   this   thesis   is   based   on   individual  
pharmaceuticals   but   there   is   not   just   one   individual  
pharmaceutical   found   within   groundwater.   The  
knowledge  of  the  effect  of  mixtures  of  pharmaceuti-­
cals   at   low   level   and   long   term   exposure,   how   this  
affects  human  health  and  ecosystems  is  poor.   
 
7.  Conclusions 
x The   investigations   included   in   this   thesis   are  
concentrated   in   the   developed   part   of   the  
world;;  the  locations  can  roughly  be  compared  
with  major  pharmaceutical  markets. 
x Point  sources  are  contributing  to  the  contami-­
nation  of  groundwater;;  the  interaction  of  geo-­
logical   material,   the   type   of   aquifer   and   the  
properties   of   the   pharmaceuticals   themselves  
are  affecting  how  they  are  transported  through  
the   subsurface.   In   bedrock   aquifers   the  main  
process  transporting  pharmaceuticals  seems  to  
be   by   dilution.   In   the   aquifers   consisting   of  
sand   and   gravel   the   processes   in   the   vadose  
zone   is   of   importance.  The   interaction  of   the  
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geological  material  and   the  pharmaceuticals  dif-­
fer   widely   depending   on   what   kind   of   environ-­
ment  they  are  entering.  The  chemical  and  physi-­
cal  properties  of  the  pharmaceuticals  themselves  
are   important   factors   controlling   what   kind   of  
processes  that  are  occurring  in  the  subsurface. 
x In  urban  areas,   the  spreading  of  pharmaceuticals  
have  more  diffuse  characteristics  due   to   the  fact  
that  the  main  source  of  contamination  is  exfiltrat-­
ion  from  sewage  networks.  The  input  is  larger  in  
urban  areas  and  therefore  there  is  a  steady  addit-­
ion  of  pharmaceuticals  to  the  groundwater.   
x Where   there   is   an   interaction   between   contami-­
nated  surface  water  and  groundwater  this  is  con-­
taminating   the   groundwater   if   the   surface   water  
is  a  losing  stream.   
x Antibiotics   and  NSAIDs   pharmaceutical   classes  
accounting   for   the   largest   numbers   of   pharma-­
ceuticals   found.  This  especially  reflects  the  high  
rates   of   consumption   of   these   pharmaceuticals,  
and  subsequent  focus  of  researchers  hereupon.   
x The  highest  concentrations  of  the  most  frequent-­
ly  found  pharmaceuticals  are  found  in  both  urban  
areas  and  at  point  sources.  The  highest  concent-­
ration   of   diclofenac   is   found   where   treated  
wastewater  has  been  used  for  irrigation. 
x   The   highest   concentrations   of   all   pharmaceuti-­
cals  are  found  down  gradient  from  a  landfill  that  
has  been  used  for  disposal  of  waste  from  a  phar-­
maceutical  production. 
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9.  Notes 
1. Sleeping  pill  or  tranquilizer  that  was  given  to  
pregnant  women  during  the  beginning  of  1960  
with  a  result  of  more  than  10  000  children  in  46  
countries  were  born  with  shortened  or  absence  of  
limbs  (https://helix.northwestern.edu/article/
thalidomide-tragedy-lessons-drug-safety-and-
regulation)     
2. The  natural  occurring  tritium  levels  in  rainwater  
(before  nuclear  bombing)  is  approximately  
around  5-10  tritium  units,  after  the  nuclear  weap-­
ons  testing’s  in  1954  the  atmospheric  tritium  
levels  greatly  increased  and  this  could  indicate  
modern  or  old  water  in  aquifers  i.e.  before  or  
after  the  nuclear  weapon  test  bombings.  http://
www.epa.illinois.gov/topics/water-quality/
groundwater/wellhead-protection/tritium-
analysis/index   
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Appendix 1 !
Table 1: All pharmaceuticals found in the investigations included in the chapter of point sources and non point sources. All concentrations in ng/L. 
Compound( Einsiedel(et(
al((2010)(
Schaider(et(al(
(2014)(
Kozuskanish(
et(al((2014)(
Carrara(et(al(
(2008)(
Del(Rosario(
et(al((2014)(
Holm(et(al(
(1995)(
Barnes(et(al(
(2004)(
Peng(et(al(
(2014)(
RodrígiezG
Navas(et(al(
(2013)(
Müller(et(al(
(2012)(
Zemann(et(al(
(2014)(
Rozman(et(al(
(2014)(
Category(of(
investigation(
WWTP$ Septic$system$ Septic$system$ Septic$system$ Onsite$waste$
water$
treatment$
Landfill$ Landfill$ Landfill$ Irrigation/Lan
dfill$
Irrigation$ Irrigation$ $Hospital$
Additional(
information(
$$ $$ $$ $$ $$ $$ $$ $$ average$conc.$ $$ $$ $$
Amitripyline(
HCL(
$$ $$ 37,2$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Amoxycillin( $$ $$ $$ $$ $$ $$ $$ $$ 5$ $$ $$ $$
Antipyrine( $$ 1$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Atenolol( $$ 0,8$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Bezafibrate( $$ $$ $$ $$ $$ $$ $$ $$ $$ 724$ $$ $$
Carbamazepi
ne(
$$ 72$ 4,18$ $$ $$ $$ $$ $$ 21$ 2325$ 500$ 4310$
Cimetidine( $$ $$ $$ $$ $$ $$ $$ $$ 64$ $$ $$ $$
Clofibric(acid( $$ $$ $$ 15$ $$ $$ $$ $$ $$ 1533$ $$ $$
Clotrimazole( $$ $$ $$ $$ $$ $$ $$ 1,5$ $$ $$ $$ $$
Diclofenac( 10$ $$ $$ $$ $$ $$ $$ $$ $$ 3050$ $$ 26,3$
Fenofibrate( $$ $$ $$ $$ $$ $$ $$ $$ $$ $$ 74$ $$
Fenoprofen( $$ $$ 64,2$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Fluconazole( $$ $$ $$ $$ $$ $$ $$ 56,2$ $$ $$ $$ $$
Gemfibrozil( $$ 1.2$ 17,6$ 11$ $$ $$ $$ $$ $$ $$ $$ $$
Ibuprofen( 7$ $$ 4,7$ 1860$ 15,53$ $$ $$ 57,9$ $$ $$ 59$ 379$
Indomethaci
ne(
$$ $$ $$ $$ $$ $$ $$ 11,7$ $$ $$ $$ $$
Ketoconazole( $$ $$ $$ $$ $$ $$ $$ 3,3$ $$ $$ $$ $$
Lincomycin( $$ $$ $$ $$ $$ $$ 100$ $$ $$ $$ $$ $$
Meprobrama $$ 5,4$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$
te(
Metoprolol( $$ $$ $$ $$ $$ $$ $$ 6,7$ $$ $$ $$ $$
Naproxen( $$ $$ $$ 160$ $$ $$ $$ 86,9$ $$ $$ $$ $$
Ofloxacin( $$ $$ $$ $$ $$ $$ $$ 44,2$ $$ $$ $$ $$
Omeprazol( $$ $$ $$ $$ $$ $$ $$ $$ 138$ $$ $$ $$
Phenytoin( $$ 66$ $$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Primidone( $$ $$ $$ $$ $$ $$ $$ $$ $$ 2160$ $$ $$
Propyphenaz
one(
$$ $$ $$ $$ $$ 4000000$ $$ $$ $$ $$ $$ $$
Salicylic(acid( $$ $$ 120$ 4$ $$ $$ $$ $$ $$ $$ $$ $$
Sulfacetamid
e(
$$ $$ trace$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Sulfadiazine( $$ $$ $$ $$ $$ 1160000$ $$ $$ $$ $$ $$ $$
Sulfadimetho
xine(
(veterinary(
use)(
$$ $$ 27,5$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Sulfadimidin
e(
$$ $$ $$ $$ $$ 900000$ $$ $$ $$ $$ $$ $$
Sulfaguanidi
ne(
$$ $$ trace$ $$ $$ 1600000$ $$ $$ $$ $$ $$ $$
Sulfamerazin
e((vet)(
$$ $$ trace$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Sulfamethizo
le(
$$ 1$ $$ $$ $$ 330000$ $$ $$ $$ $$ $$ $$
Sulfamethox
azole(
$$ 113$ 6,4$ $$ $$ $$ $$ 124,5$ $$ $$ $$ $$
Sulfanilamid
e(
$$ $$ $$ $$ $$ 300000$ $$ $$ $$ $$ $$ $$
Sulfapyridine( $$ $$ 91,1$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Sulfathiazole( $$ $$ 6,85$ $$ $$ $$ $$ $$ $$ $$ $$ $$
Trimethopri
m(
$$ 0,7$ $$ $$ $$ $$ $$ 10,5$ $$ $$ $$ $$!!!
!!
Table&2:&All&pharmaceuticals&found&in&investigations&done&in&urban&areas.&All&concentrations&in&ng/L.&
Compound( Reh(et(al((2013)( LópezGSerna(et(al((2013)( FélixGCañedo(et(al((2013)( Kuroda(et(al((2012)( Osenbrück(et(al((2007)( Tran(et(al((2013)(
Category(of(investigation( Urban$ Urban$ Urban$ Urban$ Urban$ Urban$
Additional(information( $$ $$ $$ $$ $$ $$
Acetaminophen/Paraceta
mol(
35000$ $$ $$ $$ $$ 4689$
Atenolol( 6,2$ $$ $$ $$ $$ $$
Atorvastatin( $$ 15,9$ $$ $$ $$ $$
Azithromycin( $$ 1620$ $$ $$ $$ $$
Bezafibrate( 68,4$ 25,8$ $$ $$ $$ $$
Carazolol( $$ 65,5$ $$ $$ $$ $$
Carbamazepine( 346,7$ 136$ $$ 97$ 83$ 9,3$
Chlortetracycline( $$ 34,2$ $$ $$ $$ $$
Cimetidine( $$ 20,5$ $$ $$ $$ $$
Ciprofloxacin( $$ 443$ $$ $$ $$ $$
Citalopram( 69,4$ $$ $$ $$ $$ $$
Clarithromycin( 24,5$ $$ $$ $$ $$ $$
Clenbuterol( $$ 0,732$ $$ $$ $$ $$
Clofibric(acid( 4210,5$ 7,57$ $$ $$ $$ $$
Crotamiton( $$ $$ $$ 1400$ $$ 12,4$
Danofloxacin( $$ 543$ $$ $$ $$ $$
Diazepam( $$ 35,1$ $$ $$ $$ $$
Diclofenac( 3,1$ 380$ 1$ $$ $$ 17$
Doxycyline( $$ 188$ $$ $$ $$ $$
Enalapril( $$ 1,16$ $$ $$ $$ $$
Enoxacin( $$ 323$ $$ $$ $$ $$
Enrofloxacin( $$ 264$ $$ $$ $$ $$
Erythromycin( 392,4$ 41,3$ $$ $$ $$ $$
Ethenzamide( $$ $$ $$ 42$ $$ $$
Famotidine( $$ 17,8$ $$ $$ $$ $$
Fenofibrate( $$ 74,2$ $$ $$ $$ $$
Flumequine( $$ 10,3$ $$ $$ $$ $$
Fluoxetine( 26,8$ 21$ $$ $$ $$ $$
Furosemide( $$ 284$ $$ $$ $$ $$
Gemfibrozil( 10,3$ 751$ $$ $$ $$ 17$
Glyburide( $$ 16,5$ $$ $$ $$ $$
Haloperidol( 25,8$ $$ $$ $$ $$ $$
Hydrochlorothiazide( $$ 665$ $$ $$ $$ $$
Ibuprofen( 23$ 988$ $$ $$ $$ $$
Josamycin( $$ 3,8$ $$ $$ $$ $$
Ketoprofen( $$ 215$ $$ $$ $$ $$
Lisinopril( $$ 46,5$ $$ $$ $$ $$
Loratadine( 8,6$ 23,7$ $$ $$ $$ $$
Lorazepam( $$ 54$ $$ $$ $$ $$
Mefenamic(acid( $$ 64,3$ $$ $$ $$ $$
Metoprolol( 73,7$ 355$ $$ $$ $$ $$
Nadolol( $$ 4,17$ $$ $$ $$ $$
Naproxen( $$ 5,59$ $$ $$ $$ $$
Norfloxacin( $$ 462$ $$ $$ $$ $$
Ofloxacin( $$ 367$ $$ $$ $$ $$
Oxytetracycline( $$ 41$ $$ $$ $$ $$
Paravastine( $$ 12,2$ $$ $$ $$ $$
Paroxetine( $$ 30,2$ $$ $$ $$ $$
Pentobarbital( $$ 17,7$ $$ $$ $$ $$
Phenazone( 6214$ 39,7$ $$ $$ $$ $$
Pindolol( $$ 13,2$ $$ $$ $$ $$
Primidone( 397,3$ $$ $$ $$ $$ $$
Propranolol( $$ 9,38$ $$ $$ $$ $$
Propyphenazone( $$ $$ $$ 37$ $$ $$
Ranitidine( $$ 17,6$ $$ $$ $$ $$
Roxithromycin( 23,2$ 23,8$ $$ $$ $$ $$
Salicylic(acid( $$ 620$ 464$ $$ $$ 1994$
Sotadol( 54,3$ 20,1$ $$ $$ $$ $$
Spiramycin( $$ 2980$ $$ $$ $$ $$
Sulfadiazine( $$ 208$ $$ $$ $$ $$
Sulfamethazine( $$ 29,2$ $$ $$ $$ $$
Sulfamethoxazole( 42,2$ 42,8$ $$ $$ $$ $$
Tamoxifen( 16,5$ 88,3$ $$ $$ $$ $$
Tetracycline( $$ 141$ $$ $$ $$ $$
Tilmicosin( $$ 820$ $$ $$ $$ $$
Timolol( $$ 3,88$ $$ $$ $$ $$
Trimethoprim( 194,8$ 9,41$ $$ $$ $$ $$!!!!!!!!!!!
Table&3:&All&pharmaceuticals&found&in&investigations&with&no&suspected&contamination.&*Table&also&includes&concentrations&found&in&the&investigation&with&known&or&
suspected&contamination.&All&concentrations&in&ng/L&
Compound( Vulliet(and(CrenGOlivé((2011)( Petrović(et#al.((2014)( Fram(and(Belitz((2011)( Loos(et#al.((2010)( Barnes(et#al.((2008)*(
Category(of(investigation( No$contamination$suspected$$ No$contamination$suspected$$ No$contamination$suspected$$ No$contamination$suspected$$ Suspected$contamination$
Additionall(information( $$ $$ $$ $$ Not$the$same$category$$
2,4GDinitrophenol( $$ $$ $$ 122$ $$
Acetaminophen/Paracetamol( 10,3$ $$ $$ $$ 380$
Albendazole((vet)( $$ 1,9$ 180$ $$ $$
Atenolol( 5,5$ $$ $$ $$ $$
Carazolol( $$ 3,3$ $$ $$ $$
Carbamazepine( 10,4$ 3,4$ 40$ 390$ $$
Codeine( $$ $$ 123$ $$ $$
Dehydronifedipine( $$ $$ $$ $$ 22$
Diclofenac( 9,7$ $$ $$ 24$ $$
Diltiazem( $$ $$ $$ $$ 28$
Fenofibric(acid( 0,4$ $$ $$ $$ $$
Fluoxetine( $$ $$ $$ $$ 56$
Ibuprofen( $$ 92$ $$ 395$ 3110$
Ketoprofen( 2,8$ $$ $$ 2886$ $$
Lincomycin( $$ $$ $$ $$ 320$
Lorazepam( 1,2$ $$ $$ $$ $$
Metformin( 9,9$ $$ $$ $$ $$
Metoprolol( 0,3$ $$ $$ $$ $$
Naproxen( 1,2$ 27,6$ $$ $$ $$
Oxazepam( 14$ $$ $$ $$ $$
Phenazone( $$ 23,4$ $$ $$ $$
Propranolol( 1,8$ 4,5$ $$ $$ $$
Propyphenazone( $$ 24,8$ $$ $$ $$
Roxithromycin( 1,3$ $$ $$ $$ $$
Salicylic(acid( 6,5$ 2,5$ $$ $$ $$
Sulfamethazine( $$ $$ $$ $$ 360$
Sulfamethoxazole( 3$ $$ 160$ 38$ 1110$
Trimethoprim( 1,4$ $$ 18$ $$ $$!
Appendix 2 !
Table 1: Maximum concentration found of all pharmaceuticals in all investigations. 
Compound! Max+
concentration+
found+ng/L!
Author! Type+of+investigation!
Propyphenazone+ 4000000! Holm!et!al!(1995)! Point3source!
Sulfaguanidine+ 1600000! Holm!et!al!(1995)! Point3source!
Sulfadiazine+ 1160000! Holm!et!al!(1995)! Point3source!
Sulfadimidine+ 900000! Holm!et!al!(1995)! Point3source!
Sulfamethizole+ 330000! Holm!et!al!(1995)! Point3source!
Sulfanilamide+ 300000! Holm!et!al!(1995)! Point3source!
Acetaminophen/Paracetamol+ 35000! Reh!et!al!(2013)! Urban!
Phenazone+ 6214! Reh!et!al!(2013)! Urban!
Carbamazepine+ 4310! Rozman!et!al!(2014)! Point3source!
Clofibric+acid+ 4210,5! Reh!et!al!(2013)! Urban!
Diclofenac+ 3050! Müller!et!al!(2012)! Point3source+
Spiramycin+ 2980! López3Serna!et!al!(2013)! Urban!
Ketoprofen+ 2886! Loos!et!al!(2010)! No!suspected!
contamination!
Primidone+ 2160! Müller!et!al!(2012)! Point3source!
Salicylic+acid+ 1994! Tran!et!al!(2013)! Urban!
Ibuprofen+ 1860! Carrara!et!al!(2008)! Point3source!
Azithromycin+ 1620! López3Serna!et!al!(2013)! Urban!
Crotamiton+ 1400! Kuroda!et!al!(2012)! Urban!
Sulfamethoxazole+ 1110! Barnes!et!al!(2008)! Suspected!
contamination!
Tilmicosin+ 820! López3Serna!et!al!(2013)! Urban!
Gemfibrozil+ 751! López3Serna!et!al!(2013)! Urban!
Hydrochlorothiazide+ 665! López3Serna!et!al!(2013)! Urban!
Danofloxacin+ 543! López3Serna!et!al!(2013)! Urban!
Norfloxacin+ 462! López3Serna!et!al!(2013)! Urban!
Ciprofloxacin+ 443! López3Serna!et!al!(2013)! Urban!
Erythromycin+ 392,4! Reh!et!al!(2013)! Urban!
Ofloxacin+ 367! López3Serna!et!al!(2013)! Urban!
Sulfamethazine+ 360! Barnes!et!al!(2008)! Suspected!
contamination!
Metoprolol+ 355! López3Serna!et!al!(2013)! Urban!
Enoxacin+ 323! López3Serna!et!al!(2013)! Urban!
Lincomycin+ 320! Barnes!et!al!(2008)! Suspected!
contamination!
Furosemide+ 284! López3Serna!et!al!(2013)! Urban!
Enrofloxacin+ 264! López3Serna!et!al!(2013)! Urban!
Trimethoprim+ 194,8! Reh!et!al!(2013)! Urban!
Doxycyline+ 188! López3Serna!et!al!(2013)! Urban!
Albendazole+(vet)+ 180! Fram!and!Belitz!(2011)! No!suspected!
contamination!
Naproxen+ 160! Carrara!et!al!(2008)! Point3source!
Tetracycline+ 141! López3Serna!et!al!(2013)! Urban!
Omeprazol+ 138! Rodrígiez3Navas!et!al!(2013)! Point3source!
Codeine+ 123! Fram!and!Belitz!(2011)! No!suspected!
contamination!
2,4NDinitrophenol+ 122! Loos!et!al!(2010)! No!suspected!
contamination!
Sulfapyridine+ 91,1! Kozuskanich!et!al!(2014)! Point3source!
Tamoxifen+ 88,3! López3Serna!et!al!(2013)! Urban!
Fenofibrate+ 74,2! López3Serna!et!al!(2013)! Urban!
Citalopram+ 69,4! Reh!et!al!(2013)! Urban!
Bezafibrate+ 68,4! Reh!et!al!(2013)! Urban!
Phenytoin+ 66! Schaider!et!al!(2014)! Point3source!
Carazolol+ 65,5! López3Serna!et!al!(2013)! Urban!
Mefenamic+acid+ 64,3! López3Serna!et!al!(2013)! Urban!
Fenoprofen+ 64,2! Kozuskanich!et!al!(2014)! Point3source!
Cimetidine+ 64! Rodrígiez3Navas!et!al!(2013)! Point3source!
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